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Abstract 
The different period of growth and reproduction in the life cycle of organisms implied 
that the limited resources within their bodies have to be allocated between different 
processes as a 'trade-off'. Therefore, it would be important to understand how they 
adapt to the environment by understanding their life history, how they allocate their 
resources in different life stages and the strategies they adopt when there are changes 
in their living condition. 
Sargassum siliquastrum is a dominant alga in Hong Kong. How it allocates its 
resources to growth and reproduction was examined in this thesis research. Its 
phenology in Lung Lok Shiu of Tung Ping Chau Marine Park, Hong Kong was 
studied by general monthly quadrat survey from September 2004 to May 2006. The 
four typical developmental stages of regeneration (slow growth), active growth, 
reproductive and senescence (die back) stage were observed. Maxima in length (90.28 
士 45.13 cm in January 2005; 70.18 士 18.65 cm in February 2006), number of main 
axes (2.21 士 0.81 main axes in January 2005; 2.29 士 0.47 main axes in December 
2005), number of size class 1 (l-3cm) new shoots (6.71 士 3.05 new shoots in 
February 2005; 5.18 土 1.39 new shoots in January 2006), number of size class 2 
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(>3-5cm) new shoots (2.53 士 1.23 new shoots in February 2005), fertility (70.59 士 
33.08% in January 2005; 77.74 士 17.94% in February 2006) and reproductive effort 
(21.13 士 7.59% in December 2004; 10.80 土 7.24% in February 2006) of the 
population were recorded in winter, and their minima were obtained in summer. In 
contrast, density of the population was highest during the slow growth stage in 
• • • 2 # summer (90.50 士 62.78 individuals / m in July 2005), and lowest during its 
reproductive months (35 士 41.33 individuals / m in January 2005; 23.50 士 11.00 
individuals / m in December 2005). Among the physical parameters evaluated, cooler 
temperature and decreasing day-length from summer to winter was found to favor the 
growth in length of the population whereas production of receptacles was favored by 
low water temperature and short day-length. 
The seasonal and individual variations (between holdfast, basal, middle, top blade 
regions and receptacles) of the reserve sugar alcohol, mannitol, in Sargassum 
siliquastrum collected monthly from December 2003 to May 2006 were investigated 
using the HPLC technique. Seasonal variation of its mannitol content ranged from 
about 1% to 17% of its dry weight. Mannitol content increased as growth proceeded 
and peaked during the active growing stage (10.81 士 4.87 g mannitol/ lOOg dry 
seaweed in September 2004; 13.17 士 5.60 g mannitol/ lOOg dry seaweed in October 
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2005). A drop in mannitol content was recorded only at the start of the reproductive 
period in December and remained stable thereafter. Dramatic decrease in mannitol 
concentration occurred after the reproductive period and a small increase in mannitol 
content was identified in the middle of the slow growth stage in April (5.69 士 2.11 g 
mannitol/ lOOg dry seaweed in 2004; 5.91 士 3.71 g mannitol/ lOOg dry seaweed in 
2005; 17.87 士 7.46 g mannitol/ lOOg dry seaweed in 2006), suggesting that the 
surplus produced during the slow growth period may be used to maintain the 
perennial holdfast or to develop new shoots for the next season. On an individual 
level, more mature basal part of the plant (i.e. holdfast and basal blade region) 
contained higher levels of mannitol when compared with the younger middle and top 
blade regions. Receptacles of S. siliquastrum displayed the lowest mannitol content, 
which appeared to match its low photo synthetic activity. The disproportionally high 
level of mannitol in the photo synthetically less active holdfast suggested that mannitol 
may be diffused from the basal blades down to the holdfast. The positive correlation 
between the two months antecedent mannitol content in the basal parts of S. 
siliquastrum plant with its various population growth parameters (e.g. plant mean 
length, number of main axes and new shoots) implied that storage compounds in the 
holdfast and basal blade regions were utilized for the development and elongation of 
new shoots. 
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Manipulative experiments were performed to test the hypotheses that reduced 
resources would lead to reduced growth and reproduction in Sargassum siliquastrum 
and that holdfast plays an important role for nutrient storage. Both hypotheses were 
supported by experimental data in this study. Vegetative shoots of tagged individuals 
were either trimmed to 15cm in length or removed down to the holdfast before the 
active growing period (in August 2004 and 2005) and the reproductive period (in 
November 2004 and 2005). Various growth，reproductive parameters and mannitol 
content of the control and treatment plants were monitored thereafter. Individuals 
trimmed to 15 cm before the active growing period in August showed reduced growth 
(maximum mean lengths 二 72.76 士 44.11 cm for 2004 treatment; 51.65 ± 20.46 cm 
for 2005 treatment) and delayed reproduction when compared with tagged controls 
(maximum mean lengths 二 178.00 士 48.26 cm for 2004 treatment; 95.57 士 21.01 cm 
for 2005 treatment). Only about 70% of the plants trimmed in August 2004 and 60% 
of those trimmed in August 2005 became reproductive in February 2005 and 2006 
respectively, compared with 100% of the tagged controls that became reproductive in 
December 2004 and January 2006. Plants trimmed to 15 cm before the reproductive 
period in November 2004 and 2005 remained at around 25 cm in length throughout 
the reproductive period. However, around 45% (2004 treatment) and 50% (2005 
treatment) of them still became reproductive in February 2005 and 2006 respectively 
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although their sizes were smaller than the minimum reproductive size of 40 cm 
recorded earlier. Treatment plants displayed lower mannitol content in various parts 
and they also produced fewer receptacles when compared with the control plants. For 
plants trimmed down to holdfast, more new shoots emerged from those trimmed in 
November 2004 and 2005 than from those trimmed in August, suggesting that more 
reserved resources^were available in the holdfast in November, after the plants had 
gone through rapid growth in autumn. None of these plants however, ever became 
reproductive. These responses suggested that in the existence of a trade-off between 
growth and reproduction, differential allocation of resources was adopted by 
Sargassum siliquastrum, with the ultimate effect of propagating itself through sexual 
reproduction or vegetative growth. 
The results of this study revealed the phenology of Sargassum siliquastrum, its 
seasonal variation of mannitol content and the strategy for growth and reproduction it 
adopted when resources were reduced. The ability and flexibility of algae to grow and 
reproduce under reduced resources or change in environmental conditions using 
different strategies, with S. siliquastrum as an example, suggested the reasons for their 
success in the marine environment. All these data and observation provide significant 
baseline information on how algae, the ecologically important primary producer in the 
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coastal area would be able to cope, especially in a rapidly changing marine 
environment like that of Hong Kong or elsewhere in other parts of the world where 
changes could be taking place at a global scale. 







洲海岸公園龍落水內裂葉馬尾藻{Sargassum siliquastrum (Turn.) Ag.)的物候 
性。我們發現這個物種有四個典型的生長階段：新生期（緩慢生長期）、活躍生 
長期、繁殖期及老化期（回枯期）o而這個族群最高的長度（2005年1月的90.28 
± 45.13cm; 2006 年 2 月的 70.18 ± 18.65cm)�主莖的數量 ¢005 年 1 月的 2 .21 士 
0.81條；2005年12月的2.29 ± 0.47條）、第一類（l-3cm)新生枝條數量(2005 
年 2 月的 6 .71± 3 . 0 5 條；2006 年 1 月的 5.18 ±1.39 條）、第二類（>3_5cm)新 
生枝條數量（2005年2月的2 .53 ± 1.23條）、繁殖比率（2005年的70.59 士 
33.08% ； 2006 年的 77.74 士 17.94%)�及繁殖力(2004 年 12 月的 21.13 士 7.59% ； 
2006年2月的10.80 ± 7.24%)均出現在冬季，而這些相應參數的最低點則在夏 
季出現°相反，對比這個族群在繁殖時期的密度（2005年1月的5 ± 41.33個體 
/平方米；2005年12月的23.50 ±11.00個體/平方米），最高的族群密度則紀錄在 




Performance Liquid Chromatography)，來硏究裂葉馬尾藻體內的儲備物質甘露醇 




而最高含量則紀錄在2004年9月的10.81 ± 4.87克甘露醇/100克乾海藻及2005 



















比（最高長度爲 2004 年 178.00 士 48.26cm ； 2005 年的 95.57 土 21.01cm)，無性枝 
條被切除至固著器上方15cm處的個體顯示了較緩慢的生長（最高長度爲2004 
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1.1.1 Life History and Resource Allocation 
An organism may grow and reproduce at different times within its life span. This 
pattern of growth and reproduction forms part of its life history, which can be divided 
into several fundamental traits such as the age that it first reproduces, the number of 
times it reproduces, its fecundity and survival (Pease and Bull 1988). In order to 
survive better, the most ideal way for an organism is to maximize the success of each 
of the above traits. However, this is impossible in the real situation simply because 
resources are limited. The term “resource” generally includes any compounds an 
organism acquires from the environment or products it produces within its body 
which are needed to maintain its basic life history stages (i.e. growth, survival and 
reproduction). Therefore, the utilization of these valuable resources by an organism 
will eventually affect its fitness. However, the production and utilization of resources 
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between different parts of the organism may vary, so allocation (i.e. transport and 
redistribution) of chemicals within the individual will be essential. This concept of 
resource allocation was linked to the idea of trade-off by Cody (1966)，which 
represents the costs paid in the currency of fitness when a beneficial change in one 
trait is linked to a detrimental change in another (Stearns 1989). Therefore, the pattern 
of resource allocation indicates how an organism maintains the balance between 
growth, survival and reproduction so as to maximize its fitness in order to adapt to the 
changing environment. Such adaptation is also believed to be linked to the evolution 
of life history (Stearns 1976, Rose 1983, Boggs 1992). 
Since trade-off plays an important role in life-history theory, the study of resource 
allocation becomes very important in understanding the complex life history patterns 
in different species. However, trade-off maybe difficult to measure directly as 
organisms may face several constraints at the same time，so different approaches have 
been suggested to identify and measure trade-off and its relationship with life history 
strategies (Pease and Bull 1988, Stearns 1989). These include field observations 
(Waite and Hutchings 1982, Acosta et al. 1997, Engelen et al. 2005), experimental 
manipulations in the laboratory (Waite and Hutchings 1982, Ricci and Fascio 1995) or 
in the field (McCourt 1985, Newell 1991, Sakai 1995) or through correlative studies 
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(Bell 1984a, b) and modeling (Ang and De Wreede 1990，Sakai 1995，Leon and De 
Nobrega 2000, Engelen et al. 2005). With the development of these techniques, life 
history and resources allocation studies have become a hot topic in evolutionary and 
ecological studies on animals and plants. 
1.1.2 Resource Allocation in Plants 
In understanding the resource allocation patterns in plants, manipulative experiments 
were usually employed to test for the direct effect of induced changes to its growth 
and reproduction. Many of these researches were done on terrestrial plants because of 
their well developed transport system. For example, flower or fruit removal 
experiments have been done to test for the cost of reproduction on future survival of 
some plants (Law 1979, Reekie and Bazzaz 1987b, Newell 1991, Ehrlen and 
Groenendael 2001). Other than manipulative experiment, the internal changes of 
various chemicals like the amount of nutrient, trace elements, photosynthetic products 
(e.g. carbohydrates) or other storage products (e.g. starch in terrestrial plants) within 
the plant may be monitored directly to investigate the pathway and changes in the 
allocation of target compound at different stages of its growth or reproduction (Takeda 
et al 1980, Reekie and Bazzaz 1987a, Newell 1991, Heil et al 2002，Schade 2006). 
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The allocation of resources to growth and reproduction under different environments 
(Schaffer 1974, Kawecki 1993, Rubio and Lavado 1999，Schade 2006)，how resource 
allocation changed with respect to the age and size of the plants (Klinkhamer et al. 
1992, Kawecki 1993, Acosta et al. 1997) and the effect of increased defense against 
herbivory on growth (Coley et al 1985, Coley 1988, Heil et al. 2002) have also been 
reported in land plants. All these studies demonstrated the species to species variation 
in resource allocation. The results have profound implications on the management and 
harvesting strategies of plant and crops under cultivation. 
1.1.3 Resource Allocation in Algae 
Algae are of great ecological and economical values. Although the life histories of 
many green (Chlorophyceae) (Tanner 1981), brown (Phaeophyceae) (Wynne and 
Loiseaus 1976, Pedersen 1981) and red algae (Rhodophyceae) (West and 
Hommersand 1981, Murray and Dixon 1992) have been described in details, the 
pattern of their resource allocation have not been explored extensively especially 
when compared with the amount of efforts that have been invested in such studies on 
land plants. This may be because of the more complex life histories of many algae 
than land plants, which are generally categorized as monophasic, diphasic and 
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triphasic (De Wreede and Klinger 1988). Studies have shown that algal life histories 
vary with different environmental conditions such as depth (Malm and Kautlsky 2003, 
Wiencke et al. 2007), temperature (Luning 1980, Pakker et al. 1994, Hwang et al. 
2004，Steen and Rueness 2004), salinity (Dawes et al 1999, Bergstrom et al 2003, 
Steen 2004), nutrient availability (Hwang et al 2004, Steen and Rueness 2004), wave 
exposure (Malm and Kautlsky 2003, Buschmann et al 2006), photoperiod (Luning 
1980, 1988) and herbivory (Lubchenco and Cubit 1980, Hay 1984). Such variabilities 
make it difficult to follow the resource allocation patterns in different species of algae, 
or in different populations of the same species. 
Compared with land plants, manipulations of algae such as removal of their vegetative 
or reproductive parts, are technically often more difficult. The transport systems and 
reproductive structures in terrestrial plants are more distinct, thus facilitating 
manipulative experiments involving branch or flower removal. On the other hand, 
transport system of most macroalgae is poorly developed, except for the well 
documented translocation vessels in kelps belonging to the Order Laminariales 
(Schmitz and Lobban 1976, Lobban 1978a, 1978b, Manley 1984). Furthermore, for 
many algal species, their reproductive structures are often embedded within their 
vegetative thalli. All these structural characteristics limited manipulative experiments 
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to be carried out on these species. Also, resource utilization in algae may be more 
complicated than expected because photosynthesis occurs throughout the entire 
thallus including the reproductive structures. Reproduction in algae can thus be 
self-sustainable to a certain extent, without having to depend on the resources 
provided by the non-reproductive parts of the thallus. This is in high contrast with the 
situation in higher plants where division of physiological functions, reproductive vs. 
vegetative, is more developed. The study of reproductive allocation is thus more 
complicated in algae, as pointed out by De Wreede and Klinger (1988), with the likely 
existence of cost-free or cost-reduced reproduction. 
The very few studies on resource allocation in algae have largely been focused on 
brown algae, especially on kelps and fucoids. This is because their abundance, larger 
plant size and distinctive reproductive structures (receptacles) facilitate easier field 
observations and manipulations. For example, Pfister (1992) removed the vegetative 
and reproductive tissue of the intertidal kelp Alaria nana and monitored its growth, 
survivorship and reproductive investment. She found that manipulation did not affect 
treatment plant survivorship and growth when compared with the control plants. 
However, Graham (2002) observed a contrasting result on another kelp species 
Macrocystis pyrifera and suggested that a trade-off may exist between frond growth 
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and reproduction between grazed and non-grazed plants. Besides manipulative 
experiments, other photosynthetic products or secondary metabolites in algae can also 
be monitored in resources allocation studies, or the combination of the two methods. 
Various kinds of compounds can be found in algae, which are suitable for allocation 
studies. For example, brown algae are known to store laminaran, which are polymers 
formed by low molecular weight photosynthetic compounds such as mannitol 
(Lobban and Harrison 1994). Therefore, seasonal variation in the quantity of storage 
products may reflect the utilization of these resources at different times of the year. In 
an early study of Black (1948), he showed that the variation of laminaran and 
mannitol content reached a peak during summer and autumn, followed by a decline in 
winter in the kelps Laminaria cloustoni. In another study, Lawrence and McClintock 
(1988) compared the allocation pattern of organic material to holdfast, stipe and 
fronds in two kelps, Postelsia palmaeformis and Durvillaea antarctica, which have 
different life histories. They transferred the stored carbohydrates in the two kelps into 
energy terms for comparison. They found that D. antarctica, which is a perennial 
species, allocated more energy to its holdfast for better attachment compared with P. 
palmaeformis, which is an annual species. Other than storage compounds, secondary 
metabolites are also produced in algae for various usages. For example, phlorotannin 
and other phenolic compounds are the dominant secondary metabolites in brown algae. 
Chapter 1 General Introduction 8 
They are used to deter feeding or to inhibit the growth of a variety of marine 
herbivores (Levin 1971, Ragan and Jensen 1977, Steinberg 1995), making them a 
good candidate in the study of anti-herbivory allocation. As in the study of Steinberg 
(1995), Pavia et al. (1999) identified the negative relationship between changes in 
phlorotannin levels and growth in the kelp Ecklonia radiate and fucoid Ascophyllum 
nodosum, showing the presence of a trade-off between defense and growth. Compared 
to other brown algae, the pattern of resources allocation in Sargassum was seldom 
addressed and related studies are often limited. 
1.2 Importance of Sargassum Communities 
Sargassum (Sargassaceae, Fucales) is also a large group of brown macroalgae under 
the Order Fucales. It is widely distributed in both intertidal and shallow subtidal rocky 
areas in both tropical and temperate waters. There are more than 400 species of 
Sargassum in the world (Yoshida 1983)，which have attracted a lot of attention 
because of their great economic and ecological values. Sargassum is traditionally used 
as animal feeds and fertilizers in many places (Chapman and Chapman 1980, Waaland 
1981, Zhao and Xu 1990, Carrillo et al. 1992, Wang and Chiang 1994, Calumpong 
1999, Ma 2002，Trono 2004) or as food in the Philippines (Ang 1985a, Calumpong 
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and Menez 1997, Calumpong 1999). Sargassum is also commercially harvested for 
the extraction of alginate, which is the major polysaccharide of brown algae 
(Chapman and Chapman 1980). Alginate is widely used as a thickener, emulsifier, 
stabilizer and gel-forming agent in alginate processing industries all over the world 
(Ang 1984, Tseng 1984, Calumpong 1999, Zemke-White and Ohno 1999). In recent 
years, researches have also revealed the use of Sargassum as metal biosorbent in 
pollution control (Lau 2000，Valdman and Leite 2000, Volesky et al 2003, Lodeiro et 
al. 2004). The antioxidative and other properties of Sargassum extracts also made 
them a good candidate for various pharmaceutical, toxicological and medical studies 
for cancer and AIDS therapy (Itoh et al 1993, Wheeler and James 1987, Nakamura et 
al 1994, Wong 2000, Lim et al 2002, Smit 2004). Other than the economic uses 
described above, Sargassum community also has a very important ecological role. 
Due to the high primary production of Sargassum, its community is actually one of 
the most productive marine ecosystems. Also, Sargassum often occurs as dense 
aggregations, thus forming habitat patches which provide secure nursery grounds and 
refugia for the associated fauna like micro and macro-epiphytes, fishes，invertebrates 
and sea turtles (Gunnill 1982, Martin-smith 1994, Moser et al 1998, Tanaka 2003, 
Guido et al 2004，Troeng et al. 2005) 
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At present, Sargassum is harvested in the wild for the extraction of alginate and other 
bio-products. Wild stock harvesting, however, may impose significant effect on the 
Sargassum population and its community. Therefore, as suggested by Vasquez (1995), 
management plan for Sargassum harvesting, including the intensity and frequency of 
harvesting, temporal variability and seasonality of Sargassum at different localities, 
and harvesting methodologies will be critical in maintaining sustainable Sargassum 
population for harvest. To achieve this, the understanding of the biology and ecology 
of Sargassum is necessary and studies on growth, reproductive seasonality, 
regeneration, alginate yield and recruitment of Sargassum have been carried out all 
over the world (De Wreede 1976’ Ang 1984, 1985a, 1985b, 1985c, 1986, 1987, 2006, 
Deysher 1984，McCourt 1984, Kendrick 1994, Arenas and Fernandez 1998, Yoshida 
et al 1998, 2001, 2004, Calumpong et al 1999，Ragaza and Hurtado 1999, Weinberg 
et al. 2000). For higher production of seaweed and better protection of the wild 
population, an alternative to harvesting will be laboratory cultivation or coastal 
farming. However, studies on the potential of Sargassum mariculture showed that it is 
not cost effective, requiring sufficient nutrient, wave-exposure and stable rocky 
substratum. Although some Sargassum species were found to survive in various 
controlled culture condition, e.g. seawater flow, temperature, salinity and nutrient 
concentration in the laboratory (Gellenbeck et al 1988, Hanisak and Samuel 1987, 
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Uchida, 1993，Schaffelke, and Klumpp 1998)，the possibility of commercial seaweed 
culture or large scale farming is still being tested. Before any advanced culture 
technique is developed, the source of Sargassum in supporting different industries will 
still depend on the wild population, making the study of ecology of this genus in 
different parts of the world very important. 
1.3 Marine Environment and Sargassum Communities in Hong Kong 
Hong Kong is located at the edge of the tropical Indo-West Pacific region, having a 
subtropical climate. It is affected by different seasonal water currents and monsoons. 
The Taiwan current from the northeast and Kuroshio current from the east, together 
with the Hainan current from the southwest, are the major currents affecting Hong 
Kong. Among these currents, Taiwan current brings cold water during winter, while 
Kuroshio and Hainan currents bring in warm water. Therefore, the waters of Hong 
Kong are kept relatively warm during winter with seawater temperature ranging from 
the minimum of 14°C in winter to the maximum of around 30°C in summer. The wet 
and dry seasons are very distinct in Hong Kong. The wet climate from April to 
September is brought by the southeast monsoon and the dry climate from October to 
March is brought by the northeast monsoon. These resulted in the strong seasonal 
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patterns observed in Hong Kong seaweeds, where they are found only in the cold 
winter and disappear in the hot summer (Hodgkiss and Lee 1983, Hodgkiss 1984). 
With the influence of the Pearl River, there is a wide range of fluctuation in salinity 
and turbidity from the west to east of Hong Kong. The western part of Hong Kong is 
more affected by the influx of sediments from the Pearl River, so the water is more 
estuarine and turbid. The western coast of Hong Kong is more protected, so the 
substratum is mainly areas of mud flats and mangroves. On the eastern side of Hong 
Kong, the effect of the Pearl River diminishes, so the water is more oceanic and clear. 
Since the degree of exposure to waves also increases from the west to east, more 
rocky shores with large boulders can also be found (Morton and Morton 1983). 
Because of the more favorable oceanic environment and substratum, spatial 
distribution of seaweed (macroalgae) is also observed in Hong Kong where more 
seaweeds are found in the eastern shores (Hodgkiss and Lee 1983). Since Hong Kong 
is located at the limit of distributions of many temperate and tropical species, the 
study of how different kinds of seaweeds adapt to this unique marine environment is 
always of significance (Ang et al 2000). 
About 300 species of algae in 122 genera have been reported by different ecologists in 
Hong Kong (Ang 2005) and species of Sargassum are the largest brown macroalgae 
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known among them (Morton and Morton 1983). The strong perennial holdfast of 
Sargassum facilitates their anchorage on exposed intertidal and subtidal zones, 
creating large and stable Sargassum beds for various marine organisms. Tseng (1998) 
reviewed past researches on Sargasssum in Hong Kong and listed 28 species of 
Sargassum. However, the ecological value of Sargassum in the marine ecosystem of 
Hong Kong is not well examined. Although information on the phenology, 
physico-chemical properties, genetic composition and nutrient content of some 
Sargassum species in Hong Kong are available (Wong 2000, Wong and Cheung 2001a, 
2001b, Cheang 2003, Ang 2006), ecological studies on this genus are still very limited 
(Chan 2002). 
1.4 Study Organism 
Among the Sargassum species found in Hong Kong, Sargassum siliquastrum (Turn.) 
Ag. is one of the most abundant ones reported (Fig. 1.1). This species is characterized 
by its strong retroflex basal, lower leaves and secondary branches. The basal part of 
the main axis thus displays a very peculiar zig-zag appearance. The basal leaves are 
long and board with entire margins while the middle leaves are more serrated or 
toothed at the margins. Upper leaves are usually very narrow, with curved teeth 
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sometimes extended to the midrib. The receptacles are located on the axil of 
subtending leaves. Male receptacles of this species are elongated and more cylindrical 
while female receptacles are shorter, flattened and rounded at the apex (Lu and Tseng 
1984，Tseng 1998). This species is widely distributed in Japan, Korea and China as 
well as in Hong Kong. The vertical distribution of this species in Hong Kong ranges 
from shallow subtidal area of around 3m below Chart Datum (CD) to deeper subtidal 
area of-10m CD. This species is the dominant Sargassum species found in the deeper 
waters in Hong Kong. 
The phenology, seasonality and the possible cost of reproduction of this species have 
been studied by Chan (2002). She described the general growth and reproductive 
patterns of this species from 1998 to 2000. On top of her results, extended period of 
monitoring on the Sargassum siliquastrum population is essential in order to provide 
more baseline information for further understanding of the dynamics of Hong Kong 
seaweeds and their communities. Apart from seasonality, Chan's study also indicated 
the absence of a clear cost of reproduction on survival, growth and future survival 
among individuals of this species. She related this to the photosynthetic ability of the 
reproductive structures that potentially reduced these costs. However, it is still 
possible that any cost of reproduction may be incurred in terms of changes in internal 
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resource allocation which were not addressed in Chan's study. Therefore, detailed 
investigation on the distribution of photosynthetic products like mannitol within the 
plant should be conducted in order to assess how resources are being utilized by the 
plant in its different life stages. The photosynthetic biomass of individual Sargassum 
plants can be assumed to produce the resources needed for different life processes of 
the plant. It can therefore be hypothesized that reduction in the length of vegetative 
branches would reduce resource availability for these different processes, leading to 
reduced growth, reproduction and future survivorship. Furthermore, the role of 
holdfast as a storage site for reserved resources for the formation of new shoots 
should be examined as holdfast is the only perennating part that sustains the plant 
over years. With the monitoring of mannitol content and the conduct of manipulative 
experiments to test the hypotheses given above, more direct and meaningful 
information can be provided for the illustration of the resource allocation pattern in 
the lifespan of Sargassum siliquastrum. 
1.5 General Objectives 
There were therefore three general objectives in this thesis research: 
1. To study seasonal changes in growth, reproduction, density and size structure of 
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a population of Sargassum siliquastrum. 
2. To assess the allocation of mannitol to different portions of Sargassum 
siliquastrum during growth and reproduction. 
3. To examine resource allocation between growth and reproduction in Sargassum 
siliquastrum using manipulative experiments and the role of the holdfast as a 
nutrient reserve for growth and development of new shoots. 
1.6 Study Site 
All the studies in this research were carried out in Lung Lok Shui in Tung Ping Chau 
Marine Park (114°26'E and 22°33'N), where the most extensive bed of Sargassum 
siliquastrum in Hong Kong is found. Tung Ping Chau is a bean-shaped island within 
the park that covers a sea area of 270 hectares. It is located in the northeastern most 
part of New Territories in Hong Kong Special Administrative Region (HKSAR) (Fig. 
1.2). Because of its distant location from the rest of Hong Kong, human disturbance is 
less severe compared with other places in HKSAR. The island is made up of layers of 
sedimentary rocks, providing hard and stable substrata for both corals and seaweeds. 
Therefore, more than 40 species of algae (Ang et al. 2000) and around 65 species of 
hard coral (Ang et al. 2003) have been recorded around this island. For better 
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protection of the rich communities of coral, algae, fishes and marine invertebrates 
found around this island, it was designated as the fourth marine park in Hong Kong on 
th 
the 16in of November in 2001. Two core areas were defined where fishing and other 
destructive activities are strictly prohibited. Limited fishing activities inside the 
marine park are allowed only for permit holders. Hook-and-line fishing is allowed 
only within the confine of the recreational fishing areas (Fig. 1.2) 
The difference in physical environment between the two sides of the island resulted in 
the presence of different marine communities. The northwestern side of the island is 
more sheltered, where two main patches of coral communities can be found in the two 
core areas of A Ye Wan and A Ma Wan. On the southeastern side of the island, a rocky 
shore called Lung Lok Shui can be found. It is composed of layers of sedimentary 
rocks and boulders extending to a depth of-10 m CD. This shore is exposed to strong 
waves and currents, especially during the southeast monsoon in summer. Due to its 
high exposure to waves, only isolated coral heads can be found and the area is mainly 
dominated by marine brown algae like Sargassum (Ang et al. 2000). 
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1.7 Organization of the Thesis 
This thesis is organized into five chapters and the content of each chapter is briefly 
summarized as follows: 
Chapter 1 - General Introduction 
This chapter reviews the background information on resource allocation and its 
relationship with the life history theory. Different approaches of studies on resource 
allocation in land plants and algae and the importance of Sargassum communities are 
reviewed. The study organism and the study site are briefly described. The rationale, 
as well as the objectives of this study are also enumerated. 
Chapter 2 - Phenology of Sargassum siliquastrum 
This chapter describes seasonal changes in growth, reproduction, density and 
population structure of this species. The results presented are based on monthly 
general surveys of the Sargassum siliquastrum population in Tung Ping Chau Marine 
Park from September 2004 to May 2006. 
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Chapter 3 —  Mannitol content in Sargassum siliquastrum 
This chapter presents the seasonal variation of mannitol content in different parts of 
the plant (holdfast, basal，middle and top blade regions). The variation of mannitol 
content was also correlated with the observed seasonal change in growth and 
reproduction. 
Chapter 4 - Effect of reduced resources on growth or reproduction of Sargassum 
siliquastrum 
This chapter deals with the various effect of resource reduction on tagged individuals 
of Sargassum siliquastrum. Two manipulative trimming experiments were performed 
each year in August and November in 2004 and 2005. Trimming of vegetative shoots 
in August aimed at reducing resources for growth whereas trimming in November 
reduced resources for reproduction. These manipulative experiments aimed at testing 
the hypotheses that reduction in length of vegetative shoots (= reduction in resources 
from photosynthesis) would result in reduced growth and reproduction in the 
treatment plants as well as the role of holdfast as a storage site for reserved resources 
for the formation of new shoots. Different parameters of the treatment and control 
plants were monitored monthly and the mannitol content in treatment plants were 
monitored bimonthly. Different responses in growth and reproduction were observed 
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in plants trimmed down to different length and also in plants trimmed at different 
times. The response observed was explained in relation to the phenology, mannitol 
content and possible resource allocation pattern of the species. 
Chapter 5 - Summary and Conclusion 
This chapter summarizes the findings in this research to explain the relationship 
between resource allocation pattern and life history strategy adopted by Sargassum 
siliquastrum. 
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1 
Fig. 1.1 Habit of Sargassum siliquastrum (Turn.) Ag. (Adopted from Chan 
2002) 
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Fig. 1.2 Map of Hong Kong and Tung Ping Chau Marine Park showing the 
location of the study site (Modified from Ang et al 2005). 
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Chapter 2 
Phenology of Sargassum siliquastrum 
2.1 Introduction 
T h e m a r i n e h a b i t a t i s ve rY complex and dynamic. Various environmental factors are 
constantly changing and may interact with each other. Among the major 
environmental factors, temperature, salinity and light are the more important ones 
known to affect algal growth and reproduction. Various studies relating seasonality of 
macroalgae to different environmental factors have been carried out and the 
mechanisms behind these phenomena have also been described (Liining and torn 
Dieck 1989, Luningl990, Santelices 1990, Lobban and Harrison 1994). 
Temperature has fundamental effects on chemical-reaction rates so it can affect the 
rate of different metabolic processes. It is therefore considered as one of the principal 
factors affecting seasonality in algal growth (De Wreede 1976，Luning 1980, Pakker 
e t a l 1 9 9 4 , Davison and Pearson 1996, Hwang et al 2004，Steen and Rueness 2004). 
Algae survive best at their specific optimal temperature range and this range is usually 
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close to the temperature regime of their habitat. Many algae can tolerate temperatures 
outside their optimal range. Liining and Freshwater (1988) tested the temperature 
tolerance of some temperate algae living in the range of 10-12 °C. They found that 
most of them survived down to the seawater freezing point (-1.5 °C) and some of 
them tolerated up to 28 °C of warm water. Despite their great tolerance in extreme 
temperature range, certain stress may still be induced on the plant. At low temperature, 
mechanical disruption of cell components by ice-crystal formation may kill the plant. 
In another extreme of high temperature, heat may result in protein denaturation， 
leading to fatal enzymatic failure and membrane damage (Lobban and Harrison 1994). 
Due to the relationship between temperature and cellular enzymatic reactions, the 
change in temperature thus determined the growth of algae by affecting the rate of 
their photosynthesis (Liining 1990, Davison 1991，Hwang et al 2004) and the 
formation or survival of their spores and gametes during reproduction (Liining 1990, 
Steen and Reuness 2004). 
Living in the marine environment, subtidal algae are exposed to the salinity of around 
30 %o. The most important effect of salinity on algae is the change in their cellular 
osmotic balance that affects the movement of water molecules and the flow of ions 
within the plants. In order to maintain the osmotic gradient for optimum transport, 
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a lS a e had evolved adaptations to keep their osmotic pressures somewhat higher than 
those in their environment (Luning 1990). Therefore, fluctuation in salinity will create 
osmotic stress on algae and will eventually affect their growth. Khfaji and Norton 
(1979) investigated the growth of Fucus ceranoides and Fucus vesiculosus in 
different salinities. They found that both germlings and adult plant of F. ceranoides, 
which originated from brackish water, tolerated a wider range of salinity than its 
marine competitor F. veiculosus. Steen and Reuness (2004) found that the fertilization 
and survival oi Sargassum muticum germling was significantly lowered at low salinity 
(<15 %o). The transplantation experiment they performed in the same study confirmed 
the effect of low salinity on the declined growth and reproduction of^. muticum. All 
these studies concluded, as in the review of Chapman (1995), that salinity is a 
determinant of algal distribution because of the physiological barrier it creates 
between estuaries and marine habitat. 
Being autotrophic plants in the marine environment, algae depend on light as a source 
of energy. Through the presence of different photo synthetic pigments (mainly 
chlorophylls and flicoxanthin in brown algae), algae are able to capture a large 
spectrum of light for photosynthesis. Nevertheless, the quality and quantity of light do 
not just affect the algal photo synthetic activities, but are also involved in many 
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photoperiodic reactions in algae (Llining 1980，1981). Liining performed a lot of 
studies on the photoperiodic control of algal seasonality and found that day length is 
the main factor that triggers sorus formation in the kelp Laminaria saccharina 
(Liining 1988). The cultivation experiment performed in the same study also revealed 
a period of slow growth before sorus formation. This antagonism between vegetative 
growth and reproduction was later linked to the interaction between photoperiod and 
the internal control systems in algae (Liining 1989, Santelices 1990). 
There has been a long history in the studies of seasonality of different tropical or 
temperate Sargassum species all over the world (De Wreede, 1976, Prince and O'Neal 
1979, Deysher 1984, McCourt 1984, Ang 1985a, 2006, Espinoza and Rodriguez 1987, 
Aguilar-Rosas and Galindo 1990, Koh and Shin 1990, Trono and Lluisma 1990， 
Arenas and Fernandez 1998, Yoshida et al. 1998, 2001, 2004, Calumpong et al. 1999， 
Gillespie and Critchley 1999, Wernberg et al 2000，Diaz-Villa et al. 2005, Rivera and 
Scrosati 2006). Sargassum is found to exhibit difference in seasonality with variations 
in peaks of growth and reproduction between different localities. The idea generalized 
by De Wreede (1976) and McCourt (1984) is generally supported by the above studies 
that Sargassum species in the tropical regions are usually most abundant during the 
winter months, while the reverse trend is observed for Sargassum species in temperate 
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regions. In a subtropical region like Hong Kong, phenology of Sargassum is not well 
documented compared to other tropical and temperate regions. However, some 
general information on the seasonality of Hong Kong Sargassum was still obtained in 
pervious studies where Sargassum in Hong Kong would display its maxima in growth 
and reproduction between months of minimum and maximum temperature, i.e. 
between winter and summer (Lee 2000, Chan 2002, Ang 2006). 
In the study of seasonality of growth in Sargassum, changes in the biomass and length 
of the plants in the population are often monitored as the parameters reflecting the 
growth of individuals. However, growth of Sargassum is not only limited in the 
vertical primary growth, but is also accompanied with the secondary growth in the 
horizontal dimension, i.e. increase in number of lateral branches or main axes. 
Although some phenological studies of Sargassum have employed this secondary 
growth in the categorization of developmental growth stages (Yoshida 1998， 
Calumpong et al 1999, Rivera and Scrosati 2006), only limited information was 
available on the morphological changes of lateral branches in Sargassum in some 
taxonomical studies (Kilar 1992, Diaz-Villa et. al 2005) and none had ever monitored 
the growth or seasonal change in the number of lateral branches in the field. In order 
to provide a more detailed picture of the phenology of S. siliquastrum in Hong Kong, 
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the seasonality of growth in length, as well as its growth in the number of main axes 
and newly emerged shoots from the holdfast was monitored in the present study. 
The reproductive phenology of S. siliquastrum was also studied by monitoring the 
number of reproductive plants found within the surveyed population and the 
reproductive effort of the sampled individuals. Reproductive effort (RE) is defined as 
the proportion of resources invested to reproduction (Bell 1980). It was calculated 
based on the ratio between the biomass of the receptacles and the total biomass. The 
method of using biomass in studying energy allocation in plants was introduced by 
Harper and Ogden (1970) and has since been widely used in ecological analysis of 
land plants as well as in algae (Hickman and Pitelka 1975, Pfister 1992,人berg 1996, 
Arenas and Fernandez 1998, Chan 2002). Other than biomass allocated to 
reproductive structures, the variation in biomass of the holdfast and vegetative blades 
of sampled individuals was also monitored in the present study. The density and 
population structure of S. siliquastrum population were investigated and these 
parameters were correlated with various environmental factors e.g. temperature, 
photoperiod and salinity to explore the possible relationship between these factors and 
Sargassum phenology. 
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2.2 Materials and Methods 
2.2.1 Seasonal Change in Size, Number of Main Axes, Number of New Shoots, 
Density and Population Structure 
Monthly surveys were conducted from September 2004 to May 2006 at a depth of -6 
m to -8 m CD. Eight 0.5 m x 0.5 m quadrats were laid haphazardly in the S. 
siliquastrum bed during each survey. All the individuals within the quadrat were 
measured on-site for their length to the closest cm from the base of the holdfast to the 
tip of the longest branch. The secondary growth of the species was monitored in two 
ways. First, the number of main axes that emerged from the holdfast of each 
individual was recorded. Second, the number of new shoots produced near their 
holdfast and main axes was also monitored. The newly emerged shoots produced by S. 
siliquastrum usually displayed a light brown colour. Using this and other 
morphological characteristics, the newly developed shoots near the holdfast and the 
main axes were identified. The new shoots were further classified into two categories 
based on their length. The first size class included the youngest new shoots from lcm 
to 3 cm in length. These shoots were lightest in colour compared to the rest of the 
plants, with only one or two pairs of blades found on the branch. These blades were 
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generally smaller and less developed. The second size class included more developed 
new shoots with length larger than 3 cm to 5 cm. These shoots had the colour 
in-between mature and youngest branches. Usually more than two pairs of 
well-developed blades could be found on the branch. Branches larger than 5cm were 
developed branches with brown colour similar to that of the mature branches and can 
easily be distinguished from the developing branches. During each survey, the length 
of the new shoots on every individual within the quadrat was estimated and their 
corresponding number for each size class was counted as well. Density of the 
population was determined by counting the number of individuals in each quadrat. 
Each individual was then classified into ten size classes with class intervals <3 cm; >3 
to 6 cm; >6 to 10 cm; >10 to 20 cm; >20 to 40 cm; >40 to 60 cm; >60 to 80 cm; >80 
to 100 cm; >100 to 200 cm and >200 cm. The structure of the population was then 
constructed by calculating the mean frequency (expressed in percentage) of 
individuals within each size class. 
2.2.2 Percentage of Reproductive Individuals 
Individuals were recorded as reproductive when receptacles were found on their 
branches. The ratio between the number of reproductive plants over the total number 
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of plants found in each quadrat was calculated and expressed in percentage. The 
percentage of reproductive individuals found in the eight quadrats were averaged and 
used to represent the percentage of reproductive individuals in the population from 
each survey. 
2.2.3 Seasonal Change in Biomass and Reproductive Effort (RE) of Sampled 
Individuals 
Ten individuals of S. siliquastrum were collected monthly from December 2003 to 
May 2006 and brought back to the laboratory. Sediment and epiphytes on the plant 
were thoroughly washed or removed using fresh water. The length of each individual 
collected was measured from the base of the holdfast to the tip of the longest branch. 
The whole plant was separated into holdfast and blades. For samples between 
September 2004 and May 2006, receptacles on the branches were also separated. 
However, it would be too time consuming and difficult to separate all the receptacles 
from each individual, especially the large ones which were heavily loaded with 
receptacles. Therefore, sub-sampling was employed where three reproductive 
branches would be haphazardly chosen from each individual for biomass 
measurement of receptacles. After separated into different parts, the wet weight of 
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each part was taken with an A & D HF-3000 Precision Balance (sensitivity = O.Olg). 
The samples were then frozen in a -80 °C deep-freezer for at least 24 hours and then 
dried to constant weight in a freeze-drier (Labconco, MO) for 7 days. The dried 
samples were re-weighed to obtain the dry weight of each part. The mean dry weight 
of the branches and receptacles of the three subsampled branches obtained were used 
to calculate the dry weight of receptacles for the whole plant using the following 
equation: 
Mean dry weight of receptacles (g) from the subsamples 
— - — -~~： — ; x Dry weight of the whole plant (g) 
Mean dry weight of subsampled branches (g) 
Reproductive effort (RE) of the whole plant was then calculated as: 
Dry weight of receptacles (g) ： … x 100% 
Total dry weight (g) 
2.2.4 Seasonal Change in Physical Parameters 
The sea surface temperature and salinity were measured once or twice per month, 
using a portable multi-meter (Model 85, YSI Inc., USA). Triplicate measurements 
were made for each parameter. Data on photoperiod was obtained from reports 
published by the Hong Kong Observatory (2004, 2005 and 2006). 
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2.2.5 Statistical Analysis 
All statistical analyses were performed using SPSS 13.0 for Windows (SPSS Inc., 
USA). All data were tested for normality by Kolmogorov-Smirnov test or 
homogeneity of variance by Levene Median test. Transformation of the data was 
carried out if the parametric assumptions were not met. Non-parametric analyses were 
used instead if transformations of data still failed to satisfy the assumptions of 
parametric tests. The significance level (p value) of all statistical analyses was set at 
0.05. 
To compare the change in length, number of main axes, number of new shoots, 
density and dry weight of different parts of S. siliquastrum over the study period, 
either parametric one-way ANOVA or non-parametric Kruskal-Wallis test was 
performed. Relationships between different parameters were tested by Pearson's 
product-moment correlation or, Spearman rank-order correlation if the parametric 
assumptions of the data could not be satisfied. 
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2.3 Results 
2.3.1 Seasonal Trend in Size, Number of Main Axes and Number of New Shoots in 
the Population 
Changes in the mean length of S. siliquastrum over the study period are shown in 
Figure 2.1. The mean length (± SD) of the population increased from 23.56 士 12.84 
cm in September 2004 to a peak of 90.28 ±45.13 cm in January 2005. The population 
then began to die back with a decrease in plant length from February 2005 to a 
minimum of 18.95 士 4.96 cm in May 2005. The mean plant length was around 24cm 
between May 2005 and August 2005. A similar pattern was found in the following 
year, when the mean plant length increased from 33.63 士 12.36 cm in September 2005 
to 67.43 士 16.52 cm in December 2005. A slight drop in mean plant length was 
observed in January 2006 (61.21 士 11.96 cm). Then a smaller peak of 70.18 士 18.65 
cm was found in February 2006. Die back of the population occurred in March 2006 
and a mean plant length of 8.88 士 1.99 cm was found at the end of the study period of 
May 2006. The results showed that mean plant lengths recorded in different months 
were statistically different from each other (Figure 2.1, Kruskal Wallis test,/><0.05). 
Monitoring of the number of main axes that emerged from the holdfast of individuals 
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in each quadrat started in October 2004. The seasonal trend was inconsistent over 
time (Figure 2.2) and statistically significant difference among months was detected 
(Kruskal Wallis test, p< 0.001). There was an increase in the mean number of main 
axes per individual from November 2004 (1.61 士 0.35 main axes) to the peak of 2.21 
士 0.81 main axes in January 2005. Then a decrease to 1.44 士 0.40 main axes occurred 
in March 2005 followed by another peak of 2.06 士 0.61 main axes in May 2005. The 
mean number then gradually decreased to around 1.4 between August 2005 and 
October 2005. The number started to increase again from October 2005 (1.37 ± 0.28 
main axes) to reach the maximum of 2.29 士 0.47 main axes in December 2005. The 
mean number then decreased to 1.69 士 0.23 in April, but with a slight increase in 
February 2006. 
Figure 2.3 shows the seasonal variation in the mean number of both size class 1 (1 to 
3cm) and size class 2 (> 3 to 5cm) new shoots found in each individual in each 
quadrat. The differences were statistically significant between months for both size 
classes (One-way ANOVA, p < 0.001). Over the study period, the mean number of 
size class 1 new shoots was found to be higher than that of the size class 2 new shoots. 
For size class 1 new shoots, there was a gradual increase in their mean number from 
September 2004 (3.33 ± 1.29 new shoots) to the maximum of 6.71 士 3.05 new shoots 
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in February 2005，with slight drops in November 2004 and January 2005. A drastic 
decrease in the mean number of size class 1 new shoots occurred in March 2005 (2.24 
士 0.65 new shoots). A small peak was detected in April 2005 after which a minimum 
of 1.17 士 0.48 new shoots was found in June 2005. Another increase in the mean 
number of these new shoots occurred in the summer of 2005, from 1.17 士 0.48 new 
shoots in June 2005 to 4.26 士 1.21 new shoots in July 2005. Their number increased 
progressively from July 2005 to another peak of 5.18 士 1.39 new shoots in January 
2006. From February 2006 onwards, the mean number of size class 1 new shoots 
decreased to 2.24 士 0.66 in March 2006 before the mean number increased again in 
April 2006. The seasonal trend of size class 2 new shoots was similar to that of the 
size class 1 new shoots, where the maximum was also recorded in February 2005 
(2.53 士 1.23 new shoots) (Figure 2.3). After this peak, their mean number decreased 
to a minimum of 0.26 士 0.28 new shoots in July 2005. This decrease in number 
between June 2005 and July 2005 was in contrast to the drastic increase in the number 
of size class 1 new shoots in the same period. The mean number of size class 2 new 
shoots started to increase again from July 2005 to November 2005 and the increase 
reached a plateau between November 2005 and February 2006 when no obvious peak 
was detected. Another drop occurred in February 2006 and the number of size class 2 
new shoots remained low until the end of the study period in May 2006. 
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Changes in the mean length of the population were significantly positively correlated 
with the number of main axes and the mean number of both size classes 1 and 2 new 
shoots in each individual (Table 2.1). Changes in the mean number of main axes were 
also significantly positively correlated with changes in the number of size classes 1 
and 2 new shoots (Spearman rank order correlations, r = 0.434 and 0.475 respectively, 
p < 0.001 and N == 160 for both correlations,). Lastly, significant positive correlation 
was also detected between changes in the mean number of new shoots of both size 
classes (Spearman rank order correlations, r = 0.374,/? < 0.001, N = 168). 
2.3.2 Seasonal Trend in Mean Density and Population Structure 
There was statistically significant difference in the mean density of quadrat 
individuals between months (Figure 2.4). A significant negative correlation between 
their mean length and density was also detected (Spearman rank-order correlation, r = 
-0.672, p < 0.001, N = 168). Mean density (士 SD) of the quadrat individuals 
decreased from 83.50 士 60.60 individuals / m in September 2004 to the minimum of 
2 • 
35 士 41.33 individuals / m in January 2005, when the population attained their largest 
mean (± SD) size (90.28 士 45.13 cm in January 2005). While the mean length of the 
population decreased from January 2005 to reach a minimum in May 2005, the mean 
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density increased slowly between these months. A more rapid increase in mean 
density was recorded from 53.50 士 27.04 individuals / m2 in May 2005 to a peak of 
90.50 士 62.78 individuals / m2 in July 2005, during which time the mean length of the 
quadrat individuals remained more or less the same at around 24cm. Only when the 
mean length of the population increased again starting in August 2005 did the mean 
density decreased. Similar trend was repeated in the following year. In the second year, 
the maximum mean length was recorded in February 2006 (70.78 士 18.65 cm) while 
the minimum mean density of 23.50 士 11.00 individuals / m2 was recorded in 
December 2005. 
A seasonal trend was also observed in the size distribution of the quadrat population 
(Figure 2.5). At the beginning of the study period in September 2004, most of the 
individuals were in small (< 10 cm) and medium (>40 to 80 cm) size classes. Plants 
larger than 80cm were not found in the population until October 2004, when around 
30% of the individuals were found to be between 80 cm and 200 cm in size. In 
November 2004, around 40% of the plants were >80 to 200 cm in size and plants 
larger than 200cm appeared from December 2005 to February 2006. In January 2006 
and February 2006, around 45% of the population were in size classes of >80 cm to 
200cm. When the population began to die back in March 2006, the percentage of 
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large plants decreased and mainly the small (<10 to 40 cm) to medium (>40 to 80 cm) 
sized plants dominated the population. Around 34% of individuals lied in size classes 
below 10 cm in April 2005. These small plants were probably new recruits from the 
last reproductive season. The shape of the size class distribution curve started shifting 
to the right between May 2006 and October 2006, presumably due to the growth of 
these new recruits and with new shoots starting to emerge from the holdfasts within 
this period (Figure 2.3). The seasonal trend in size class distribution was similar in the 
second year. However, the size class distribution pattern in October and November 
2005 was different from that of the same period in the pervious year (October and 
November 2004) where the number of large individuals (> 80 to 200 cm) was low or 
absent in the 2005 population. Also, large plants with length >200cm appeared only 
for one month in March 2006 (c.f. their occurrence in December 2005 to February 
2006 in the last season). In May 2006, the proportion of plants with sizes between 20 
and 40cm decreased drastically to 0.74 士 2.08% when compared to May 2005 (32.58 
士 1 8 . 2 1 % ) . 
2.3.3 Seasonal Change in Dry Weight of Sampled Individuals 
Significant difference in the mean length of samples collected haphazardly each 
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month from December 2003 to May 2006 was detected (Figure 2.6, Kruskal Wallis 
test, p < 0.05) and the seasonal trend was very similar to that of the mean length of 
quadrat individuals (Figure 2.1). Statistically significant differences were detected in 
the mean dry weight of both the holdfast and shoots over time (Figures 2.7 and 2.8, 
Kruskal Wallis test, p < 0.001 for both parts). Significantly positive correlation was 
detected between mean length of the monthly collected individuals and mean dry 
weight of their shoots (Spearman rank-order correlation, r = 0.792, p < 0.001, N = 
263), but not between mean length and mean dry weight of their holdfasts (Spearman 
rank-order correlation, r = 0.023，p = 0.707, N = 263). A weaker but significant 
positive correlation was also found between the mean dry weights of the holdfasts and 
shoots (Spearman rank-order correlation, r = 0.184,/> = 0.003, N = 263). 
The seasonal trend of mean dry weight of holdfast varied between years but its 
maxima were found after the die back in April each year (1.40 士 0.63 g in 2004, 1.70 
士 1.17g in 2005 and 0.93 士 0.50 g in 2006) (Figure 2.7). Minima in mean dry weight 
of the holdfast were found in November 2004 (0.69 士 0.49 g), January 2005 (0.72 士 
0.40 g), October 2005 (0.52 士 0.10 g) and January 2006 (0.58 士 0.18 g). The holdfast 
of the samples collected at the beginning of the study period (December 2003 to 
March 2004) showed the lowest range of mean dry weight measured (0.24 士 0.29 g to 
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0.56 士 0.49 g) in the whole period. 
The monthly variation in mean dry weight of the shoots was very similar to the 
pattern of change in the mean length of the sampled individuals (Figures 2.6 and 2.8). 
The mean dry weights of the shoots showed their minimum range between March and 
June each year (3.73 ± 1.55 g to 6.15 士 3.63 g in 2004，8.87 士 3.75 g to 4.65 士 1.16 g 
in 2005 and 4.35 士 1.26 g to 1.22 士 0.40 g in 2006) (Figure 2.8). The mean dry weight 
gradually increased from July 2004 to the maximum of 47.11 士 13.55 g in December 
2004. A small peak of 19.63 士 7.62 g was also identified in August 2004. In 2005， 
mean dry weight of the shoots started to increase from June 2005, with a peak of 
14.63 士 5.99 g in August 2005. Mean dry weight of the shoots between November 
2005 and February 2006 remained low, and ranged only from 11.76 士 4.40 g to 13.30 
士 7.78 g compared to the range of 23.46 士 17.55 g to 47.11 士 13.55 g within the same 
period in the pervious year. 
2.3.4 Reproductive Phenology 
Significant difference was detected in the percentage of reproductive individuals 
found in different months (Figure 2.9, Kruskal Wallis test, p < 0.001). The 
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reproductive period in 2004 started in September when 1.39 士 3.93% of individuals 
were found to be reproductive in the quadrat survey and ended in March 2005, The 
proportion of reproductive individuals increased from October 2004 to a peak of 
70.59 士 33.08% in January 2005. After gamete release, the percentage of reproductive 
individuals dropped drastically from February 2005 to March 2005 and no 
reproductive individual was found in April 2005. Reproductive individuals appeared 
again in the population in November 2005 (5.05 士 9.41%) and their proportion peaked 
at 77.74 士 17.94% in February 2006. The percentage of reproductive individuals 
dropped to zero in March 2006 after reaching the maximum in February 2006. 
Comparing the length of the reproductive period between the two years surveyed, the 
reproductive period lasted for 7 months in 2004 (September 2004 to March 2005) but 
only for 4 months in 2005 (November 2005 to February 2006). 
Figure 2.10 presented the mean reproductive effort (RE) calculated for the samples 
collected monthly. The change in mean RE was statistically significantly different 
between months (One-way ANOVA, p < 0.001). Significant positive correlations 
between the mean RE and plant mean length (Pearson product-moment correlation, r 
=0.496, p = 0.004, N = 32) or with dry weight of their shoots (Spearman rank-order 
correlation, r = 0.587, p < 0.001, N = 32) were also detected. When reproductive 
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plants were collected in November 2004, only about 3.57 ± 1.13% of the plant 
biomass was made up of receptacles (Figure 2.10). A maximum mean RE of 21.13 士 
7.59% was recorded in December 2004, with a corresponding increase in the number 
of reproductive individuals in the population (see also Figure 2.9). However, when 
more than half of the individuals in the population remained reproductive in January 
and February 2005, the reproductive effort decreased to around 15% within these two 
months. In the following reproductive season, reproductive individuals were collected 
starting from December 2005, with a mean RE of 4.82 士 2.57%. The maximum mean 
RE of 10.80 士 7.24% was recorded in February 2006, during which the population 
had the highest proportion of reproductive individuals. 
2.3.5 Seasonal Trends of Physical Parameters and Their Correlation with Growth 
and Reproduction of the Populations 
The monthly mean surface seawater temperature showed a seasonal trend (Figure 2.11) 
with the highest mean temperature recorded in June 2005 (28.6 士 3.16 °C) and July 
2005 (29.3 士 0.90 °C). The minimum ranges of 16.23°C to 17.25 士 0.64 °C and 17.18 
士 0.87 °C to 17.50 士 0.09 °C between January and March were recorded in 2005 and 
2006 respectively. Results of Pearson product-moment correlation showed that there 
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were significant negative correlations between seawater temperature and various 
growth parameters like mean length of quadrat individuals, mean number of main 
axes and number of size class 2 new shoots (Table 2.2). Significant negative 
correlations were also detected between seawater temperature and the percentage of 
reproductive individuals in the population and mean RE of samples collected monthly 
(Table 2.3). 
Seawater salinity did not vary too much throughout the study period, ranging from 31 
to 33 ppt for most of the months except between June 2005 to August 2005 when 
fluctuation in salinity was recorded (Figure 2.12). Significant negative correlation 
between salinity and mean length of quadrat individuals and mean number of size 
class 2 new shoots was recorded, but not with the mean number of main axes and 
mean number of size class 1 new shoots (Table 2.2). Insignificant correlations were 
also detected between salinity and the mean percentage of reproductive individuals in 
the population and their mean RE (Table 2.3). 
The pattern of photoperiod was consistent over the study period (Figure 2.13). Days 
were longer during the summer in June and July, with about 13 hours of day light and 
only about 11 hours of day light in winter month of December. Photoperiod was 
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significantly negatively correlated with mean length of quadrat individuals, mean 
number of size class 1 and size class 2 new shoots, but not significantly correlated 
with the mean number of main axes (Table 2.2). The change in photoperiod was also 
significantly negatively correlated with the percentage of reproductive individuals in 
the population and their mean RE (Table 2.3). 
2.4 Discussion 
2.4.1 The Global Trend of Seasonality of Sargassum 
The seasonality in growth or reproduction of Sargassum in different latitudes 
displayed contrasting patterns. As generalized by McCourt in 1984, Sargassum 
populations in tropical areas are more abundant in winter and, in temperate areas, 
more abundant in the summer months. His idea was generally supported in many 
phonological studies of Sargassum. Tropical species like S. crassifolium, S. 
cristaefolium, S. oligocystum, and S. polycystum in the Philippines showed their 
maxima in length and standing crop within the cooler months of the year (Trono and 
Lluisma 1990). Another three species of Sargassum in the Philippines also displayed 
their maximum in length and biomass during the winter time (Hurtado and Ragaza 
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1999). In temperate regions, where seasonal change in seawater temperature is more 
distinct, seasonality of Sargassum population dynamics can be observed more clearly. 
Sargassum muticum in Denmark, where surface seawater temperature ranged from -1 
to 25°C, exhibited their maximum length and biomass in the midsummer (Wernbery et. 
a/ 2000). Two other species of Sargassum in Korea also showed their maxima in the 
summer time (Koh and Shin 1990). Compared with the more distinct pattern observed 
in the tropical and temperate regions, a greater variation in seasonality has been 
observed for sub-tropical species. Sargassum sinicola in the southern Gulf of 
California exhibited their maximal growth in colder months, which was similar to 
species in the tropical areas (Espinoza and Rodriguez 1987). On the other hand, 
subtropical species like S. pteropleuron in south Florida displayed their peak growth 
in the summer time, similar to those in the temperate areas (Prince and O'Neal 1979). 
In contrast to the more typical patterns described above, much of the subtropical 
Sargassum showed their maximal growth and abundance in between extreme 
temperatures. Three Sargassum species from the northern Gulf of California displayed 
their maximum growth in spring, when the temperature started to rise from the 
minimum of 14°C (McCourt 1984). Various studies on S. horneri in southern Japan 
revealed that their populations reached their maximum growth in the fall or spring 
time (Yoshida et. al 1998，2001, 2004). However, discrepancies from the general 
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trends have also been reported in different regions. For example, S. binderi in 
Malaysia appeared to grow best in summer time (Wong and Phang 2004)，in contrast 
to the seasonal trend observed for typical tropical Sargassum. These sUidies 
demonstrated that phenology of Sargassum is affected by different environmental 
conditions, and the growth strategy or pattern of growth and reproduction observed at 
different localities may be their facultative response to local conditions (McCourt 
1984). 
2.4.2 Annual Growth Cycle of Sargassum siliquastrum Population 
Sargassum siliquastrum in this study displayed a winter maxima, similar to the 
seasonal trend of tropical species described by McCourt (1984). Growth of new 
recruits and regeneration of shoots from the perennial holdfast started in fall, at 
around September, when the temperature started to drop from the maximum of around 
30°C in summer. The population attained their active growing period between late 
autumn and early winter. During this period, the increase in plant length (primary 
growth) was accompanied by the increase in the number of their main axes and new 
shoots (secondary growth). The primary and secondary growth of the fronds resulted 
in an overall increase in vegetative biomass in the population and changed the 
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population structure. Reproduction started in the middle of the active growing phase 
when individuals bearing receptacles were observed. Peak length, number of main 
axes, number of size class 1 and size class 2 new shoots, vegetative biomass and the 
maximum fertility in the population were all recorded in winter (in January and 
February) when the temperature dropped to around 16 °C. After the gamete release, 
die back of the population started in March, when percentage of reproductive 
individuals and their reproductive effort decreased together with the detachment of 
vegetative shoots from the plant. After losing most of the biomass, the population 
entered the dormant or slow growth stage during the hot summer. In this period 
between May and August, only the holdfast, some old shoot remnants and a few new 
shoots (for both size classes) were left and plant length remained more or less 
constant. Recruits entered the population after the reproductive period, resulting in an 
increase in plant density during this same period. The four common growth phases for 
Sargassum, namely regeneration, active growth, reproduction and senescence (die 
back) were all found in S. siliquastrum in Hong Kong. The cycle was repeated within 
the two years of survey in this study. 
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2.4.3 Growth Seasonality of Sargassum siliquastrum 
Growth of Sargassum has been shown to be affected by various physical parameters 
like temperature, photoperiod and salinity in previous studies. Ang (1986) 
documented the significant correlation between Sargassum cover and antecedent 
events of minimum temperature in a macroalgal community in the Philippines. 
Sargassum elegans in South Africa and S. polyphyllum in Hawaii also showed 
positive correlation between plant biomass and one month antecedent air or water 
temperature (Glenn et. al 1990, Gillespie and Critchley 1999). Hwang et. al (2004) 
revealed the different effects of temperature on the percentage cover of S. siliquosum 
and S. polycystum in southern Taiwan. Photoperiod is also known to trigger growth of 
many algae and the experiment performed by Liining (1989) demonstrated the slow 
growth of a kelp species in the short-day culture. Exposure of S. muticum to reduced 
salinity resulted in retarded growth in the culture experiment of Steen (2004). In other 
studies, the effect of temperature and photoperiod on the growth of Sargassum was 
also observed. However, either no correlation analysis was made or insignificant 
correlation was obtained for some of these studies (Koh and Shin 1990, Trono and 
Lluisma 1990, Arens and Fernandez 1998, Yoshida et. al 1999, 2001, 2004). 
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In the present study, temperature, photoperiod and salinity were found to have 
significant correlation with the various growth parameters monitored. The strong 
negative correlation between seawater temperature and mean length, number of main 
axes and number of size class 2 new shoots showed that cooler temperature favored 
the primary and secondary growth of the population. The decreasing day-length from 
summer to winter also favored the elongation of the plants and the growth of new 
shoots and main axes, as indicated by their strong negative correlation with 
photoperiod. On the other hand, salinity showed a weaker positive correlation to 
kngth and number of size class 2 new shoots. This is because summer storms were 
usually accompanied by heavy rainfall, resulting in fluctuations of salinity that led to 
slow or retarded growth of Sargassum during the die back stage. After all, the effect 
of physical parameters on algal growth maybe interactive, and the importance of 
every single factor to the growth of S. siliquastrum was not evaluated independently 
in this present study. 
The growth of Sargassum can be divided into two phases, the primary growth with the 
increase in length of the primary laterals, and secondary growth with an increase in 
the number of other lateral branches. The occurrence of these two phases was 
documented in many phenological studies of Sargassum, although many of them were 
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descriptive rather than quantitative. For example, Calumpong et al (1999) 
categorized the primary growth stage of four species of Sargassum as a stage with an 
absence of secondary laterals, whereas in the secondary growth stage, the plant would 
have a brushy appearance as a consequence of the formation of secondary laterals. In 
the morphological studies of S. mathiesonii, two periods of vegetative growth were 
described (Kilar 1992). The first growth stage was characterized by high specific 
growth rates in primary laterals and the second growth stage was distinguished by an 
increase in the number of main axis and secondary laterals. 
The alternation of primary and secondary growths was also identified in S. 
siliquastrum in this study. Primary growth of the plant started in September and the 
increase in number of the main axes (i.e. secondary growth) started two months later 
in November. Another increase in the number of main axes occurred after the die back 
period in May. These primary axes were generated for the maintenance of the plant 
during the slow growth stage. However, the mortality rate during this period was high 
due to the unfavourable high temperature or low salinity throughout summer, so many 
of these primary axes eventually died in the middle of the slow growth stage. The 
formation of new shoots during the secondary growth stage was evaluated by further 
dividing them into two size classes and different maxima were identified. The rapid 
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increase in the number of size class 1 new shoots at the end of the die back period was 
probably induced by regeneration from the perennial holdfast. Once these new shoots 
started to grow, their gain in size eventually resulted in the increase in the number of 
size class 2 new shoots among the plants in the active growing period in fall. Despite 
the shift of these new shoots from size class 1 to size class 2, the number of size class 
1 new shoots remained high within the active growing period, suggesting that new 
shoots were continuously being generated. The additive effect of primary and 
secondary growths would make the whole plant long and brushy, thus creating a 
canopy effect by limiting light penetration near the substratum (Koh and Shin 1990). 
This would affect the growth of smaller plants underneath the canopy, resulting in a 
decrease in density during the active growing period. Eventually, only the large plants 
became dominant in the population. 
As the plant matures throughout the active growing period, there is an increase in 
thallus length, number and size of blades and vesicles, all adding to an increase in the 
total biomass. Therefore, period of peak plant length often coincided with that of the 
peak plant biomass recorded in the population (Trono and Lluisma 1990, Kilar 1992, 
Gillespie and Critchley 1999, Hurtado and Ragaza 1999, Wernbery et. al 2000, Wong 
and Phang 2004, Rivera and Scrosati 2006). Similar results were obtained in this 
Chapter 2 Phenology of Sargassum siliquastrum 53 
study, where larger plants produced more number of main axes and new shoots, 
therefore the dry weight of vegetative parts was higher in larger plants. The biomass 
of the vegetative shoots attained its peak at the same time as the plant length 
maximum. However, the above relationship was not observed between plant length 
and dry weight of holdfast. Seasonal variation of holdfast biomass was less consistent 
and was poorly correlated with changes in plant length. Active primary growth of 
vegetative parts did not lead to an increase in the dry weight of the holdfast. On the 
other hand, the weak positive correlation between dry weight of the holdfast and the 
vegetative parts may be related to the gain in biomass through the secondary growth 
of the plant, as larger holdfast may support the production of more branches and 
laterals. 
2.4.4 Reproductive Seasonality of Sargassum siliquastrum 
Various physical parameters are also shown to have pronounced effect on the 
reproduction of Sargassum. The effect of temperature on the initiation of reproduction 
in Sargassum varies between species in different latitudes, where tropical species 
reproduce in warmer temperature and temperate species reproduce in cooler 
temperature (De Wreede 1976, McCourt 1984). The length of photoperiod was shown 
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to affect the reproductive period in algae. Liining (1988) triggered the sorus formation 
in the kelp Laminaria saccharina by keeping the plant in a short-day regime. 
Sargassum horneri in culture experiment and on site monitoring displayed different 
requirements for day length, with the former reproducing in long-day regime and the 
latter in short-day season (Uchida 1993，Yoshida et. al 2001). Culture experiment 
performed by Steen (2004) showed that fertilization in S. muticum was prevented at 
salinity below 15%o，demonstrating that reproduction is the most vulnerable stage in 
terms of its susceptibility to reduced salinity. 
Production of receptacles was favored by low water temperature and short day-length 
in the present study. In contrast, the effect of salinity on the reproduction of S. 
siliquastrum was less significant. Reproduction of S. siliquastrum started when the 
temperature and photoperiod decreased in late fall after the active growing period. 
During this period, a certain plant size had already been attained in most of the 
individuals within the population. Reproduction in Sargassum usually requires a 
threshold or critical size because maximized reproductive output can be guaranteed as 
large plants bear more fertile branches with receptacles (McCourt 1984). Therefore, 
the coincidence of peak length and fertility was a common phenomenon observed in 
Sargassum (De Wreede 1976, McCourt 1984, Koh and Shin 1990, Kilar 1992， 
Chapter 2 Phenology of Sargassum siliquastrum 55 
Calumpong et. al 1999, Gillespie and Critchley 1999, Hurtado and Ragaza 1999， 
Wong and Phang 2004, Diaz-Villa et. al 2005，Rivera and Scrosati 2006). This general 
trend was also observed in S. siliquastrum when most of the individuals in the 
population became reproductive in January or February, during which the plants had 
achieved their length maxima. The positive correlation between plant length, plant 
vegetative biomass and reproductive effort also indicated that larger plants were 
capable of producing more receptacles. After the gamete release, die back in the 
population occurred with the detachment of branches bearing empty receptacles and 
shedding off of most vegetative biomass. This led to the sharp decline in both mean 
length and biomass in the population in April, thus reducing the canopy effect for 
individuals underneath. The death of some older plants in this period also created 
spaces for the new recruits to settle. These visible new recruits entered the population 
around June and peaked in July as reflected by the increase in the population density. 
However, only those successful ones were able to survive through the summer 
dormant period to grow in the next season. 
2.4.5 Population Decline of Sargassum siliquastrum in Lung Lok Shui 
The population of S. siliquastrum in Lung Lok Shui was observed to be declining 
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when compared with either past studies or between the two seasons in the present 
study. Chan (2002) performed similar studies in Lung Lok Shui before and a 
maximum mean length of around 100 cm in 1999 and 80 cm in 2000 was recorded, 
compared to the 90 cm and 70 cm maxima recorded in 2005 and 2006 respectively in 
this study. The reduction in plant length would lead to reduction in reproductive 
output and in turn, reduced the number of new recruits in the next season. This is 
evidenced by a significant decline in the population density as the peak density 
decreased from about 270 individuals / m2 in June 1999 to the maximum of only 90 
individuals / m2 in July 2005. After the study period ended in May 2006, another site 
visit was carried out in August 2006, which was expected to be a period with high 
density of recruits. However, only a few small and decaying individuals of S. 
siliquastrum could be found around the surveyed area and the population did not 
recover thereafter. The disappearance of the population may be the consequence of 
reduction in recruits from the previous season as recruitment plays a substantial role 
in maintaining densities of adults within beds of Sargassum (Kendrick and Walker 
1994). 
The decline in Sargassum population was often related to changes in physical factors. 
A long term decline in abundance of Sargassum was observed in the northern Gulf of 
w 
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California between 1977 and 1981. Studies revealed the anomalously warm sea 
temperature in 1978 as one possible cause (McCourt 1984). However, in the case of 
Hong Kong, the change in seawater temperature, salinity and photoperiod recorded 
between the previous and present studies was comparable. Changes in physical factors 
may not be causing the population decline in the present study site. 
Instead of variation in physical parameters, the change in biotic factor may be more 
significant in affecting the Sargassum population. Tung Ping Chau was designated as 
the fourth marine park in Hong Kong in 2001, in between the previous and the present 
studies. After being established as a marine park, fishery activities were limited 
around the island. Therefore, the study area Lung Lok Shui changed from a heavily 
fished to a protected area. Anthocidaris crassispina (short spined sea urchin) was the 
most common herbivorous sea urchin found in Lung Lok Shui and they were heavily 
fished for food before the establishment of Tung Ping Chau Marine Park. Comparing 
past and recent studies on the sea urchin, their density increased from the range of 1.5 
to 3.3 individuals / m between September and December in 2000 (Woo unpublished 
data) to the range of 5.5 to 8.5 individuals / m2 within the same period in 2006 (Lee 
unpublished data). The significant increase in the sea urchin population could have 
exerted certain feeding pressure on the S. siliquastrum population, as they were found 
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to graze primarily on Sargassum spp. in gut content analysis (Yatsuya and Nakahara 
2004). The effect of sea urchins on the population decline of Sargassum has also been 
shown in other studies, indicating that sea urchin grazing was the most important 
factor causing the reduction in their standing crop (McClanahan et. al 1996, Thibaut 
et. al 2005). Although the gut contents of Anthocidaris crassispina in Lung Lok Shui 
have not been studied and no detailed comparison in neither sea urchin nor Sargassum 
density was made between the study site and other un-grazed areas, it is still 
reasonable to believe that the increase in sea urchin density was the major cause of the 
population decline of S. siliquastrum in Lung Lok Shui. 
2.5 Summary 
To summarize, Sargassum siliquastrum in Lung Lok Shui exhibited growth and 
reproductive patterns similar to those of some tropical species. The four typical 
developmental stages of regeneration (slow growth), active growth, reproductive and 
senescence (die back) stage for most Sargassum species were also identified in the life 
history of S. siliquastrum in Hong Kong. Maxima in length, number of main axes, 
number of new shoots, biomass, fertility and reproductive effort of the population 
were recorded in winter, and their minima were obtained in summer. In contrast, 
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density of the population was highest during the slow growth stage in summer, and 
lowest in reproductive months. Temperature and photoperiod were identified as the 
two main physical parameters to affect both primary and secondary growth, as well as 
plant reproduction. The S. siliquastrum population in Lung Lok Shui was observed to 
be declining in mean length and density when compared with previous studies. Field 
visits after the monitoring period confirmed the disappearance of the population 
around the surveyed area. However, changes in physical parameters between these 
years were not obvious so the population decline of S. siliquastrum in Lung Lok Shui 
was believed to be related to the increase in herbivorous sea urchin density after the 
establishment of Tung Ping Chau as a marine park. 
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Table 2.1 Spearman rank-order correlations between mean length, number of main 
axes, number of size class 1 (l-3cm) and size class 2 (>3-5cm) new shoots 
in Sargassum siliquastrum from monthly quadrat survey. Significant 
correlations (p < 0.05) are given in bold. 
Number of Main Number of Size Number of Size 
A x e Class 1 (l-3cm) Class 2 (>3-5cm) 
… New Shoots New Shoots 
r = 0.373 r = 0.487 r = 0.587 
Length ^<0.001 j9< 0.001 p < 0.001 
N = 160 N = 168 N = 168 
Number of Main r = 0 ' 4 3 4 r = 0 4 7 5 
A ；7 <0.001 ^<0.001 AXCS 
N = 160 N = 160 
Number of Size r = 0.374 
Class 1 (l-3cm) ；7 <0.001 
New Shoots XT , N = 168 
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Table 2.2 Pearson product-moment correlations between different physical 
parameters and mean length, number of main axes and number of size 
classes 1 and 2 new shoots of Sargassum siliquastrum collected monthly. 
Significant correlations (p < 0.05) are given in bold. 
Seawater 
t x Salinity Photoperiod lemperature r 
r = - 0.707 r = 0.473 r = - 0.885 
Length ^<0.001 p = 0.030 ^<0.001 
N = 21 N = 21 N = 21 
Number of Main ^ r = _ 0 4 4 7 卜 0 . 2 5 3 厂 _ 0 . 3 1 7 ^ 
A /7 = 0.048 p = 0.282 ；7 = 0.174 
N = 21 N 二 21 N = 21 
Number of Size r = -0.312 r = 0.307 r = -0.608 
Class 1 (l-3cm) ；7 = 0.168 p = 0.176 p = 0.003 
New Shoots n = 21 N = 21 N = 21 
Number of Size r = _ 0 6 7 0 r = 0.507 r = - 0.719 
Class 2 (>3-5cm) ；7 = 0.001 p = 0.019 p> 0.001 
New Shoots n = 21 N - 2 1 N = 21 
Chapter 2 Phenology of Sargassum siliquastrum 62 
Table 2.3 Spearman rank-order correlations between different physical parameters 
and percentage of reproductive individuals from monthly quadrat survey 
and reproductive effort of Sargassum siliquastrum collected monthly. 
Significant correlations (p < 0.05) are given in bold. 
Seawater 
rj, ‘ Salinity Photoperiod Temperature r 
Percentage of r = - 0.655 r= 0.276 r = -0.853 
Reproductive p = 0.001 p = 0.227 ；7 <0.001 
Individuals n = 21 N 二 21 N = 21 
Reproductive r = _ 0 . 5 9 7 r = • r = _ 0 . 7 5 4 
Effort P = 0.001 /7 = 0.355 ^<0.001 
N = 21 N = 21 N = 21 
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Fig. 2.1 Seasonal change in mean (± S.D.) length of Sargassum siliquastrum 
from monthly quadrat survey. Kruskal Wallis test (with Chi-square 
value and df given) was used to evaluate significant differences in mean 
plant length between months. 
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Chi-square = 42.273，df= 19,p = 0.002 
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Fig. 2.2 Seasonal change in mean (士 S.D.) number of main axes in Sargassum 
siliquastrum from monthly quadrat survey. Kruskal Wallis test (with 
Chi-square value and df given) was used to evaluate significant 
differences in mean number of main axes between months. 
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Size class 1 (1 to 3 cm) (F = 7.825, df 二 20,p < 0.001) 
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Fig. 2.3 Seasonal change in mean (士 S.D.) number of size class 1 (1 to 3cm) and 
size class 2 (>3 to 5cm) new shoots in Sargassum siliquastrum from 
monthly quadrat survey. One-way ANOVA (with F value and df given) 
was used to evaluate significant differences in mean number of new 
shoots between months for both size classes. The data for both size 
classes were log transformed before analysis. 
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Fig. 2.4 Seasonal change in mean (± S.D.) density of Sargassum siliquastrum 
from monthly quadrat survey. Data on mean length are also shown for 
easy comparison. One-way ANOVA (with F value and df given) was 
used to evaluate significant differences in mean density between 
months. The data were log transformed before analysis. 
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Fig. 2.5 Monthly mean length-frequency distribution (+ S.D.) of Sargassum 
siliquastrum population in quadrat survey from September 2004 to May 
2006. 
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Fig. 2.6 Seasonal change in mean (土 S.D.) length of Sargassum siliquastrum 
collected monthly. Kruskal Wallis test (with Chi-square value and df 
given) was used to evaluate significant differences in mean plant length 
between months. 
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Fig. 2.7 Seasonal change in mean (士 S.D.) dry weight of holdfast of Sargassum 
siliquastrum collected monthly. Kruskal Wallis test (with Chi-square 
value and df given) was used to evaluate significant differences in 
mean dry weight between months. 
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Fig. 2.8 Seasonal change in mean (± S.D.) dry weight of vegetative shoots of 
Sargassum siliquastrum collected monthly. Kruskal Wallis test (with 
Chi-square value and df given) was used to evaluate significant 
differences in mean dry weight between months. 
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Fig. 2.9 Seasonal change in mean (士 S.D.) percentage of reproductive 
individuals of Sargassum siliquastrum in monthly survey. Kruskal 
Wallis test (with Chi-square value and df given) was used to evaluate 
significant differences in mean percentage of reproductive individuals 
between months. 
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Fig. 2.10 Seasonal change in mean (士 S.D.) reproductive effort of Sargassum 
siliquastrum collected monthly. One-way ANOVA (with F value and df 
given) was used to evaluate significant differences in mean 
reproductive effort between months. 
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Fig. 2.11 Seasonal variation in mean (士 S.D.) surface seawater temperature in 
Lung Lok Shui. Data on mean length of Sargassum siliquastrum from 
monthly quadrat survey are also presented for easy comparison. 
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Fig. 2.12 Seasonal variation in mean (士 S.D.) salinity of seawater in Lung Lok 
Shui. 
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Fig. 2.13 Mean monthly variation in photoperiod (number of hours of daylight 
vs. dark) of Hong Kong during the study period (September 2004 to 
May 2006). (Data from Hong Kong Observatory). 
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Chapter 3 
Mannitol Content in Sargassum siliquastrum 
3.1 Introduction 
The storage products in seaweeds can be categorized as storage polysaccharides, 
structural polysaccharides and low-molecular weight carbohydrates (Percival and 
McDowell 1967, Craigie 1974, McCandless 1981 and Lobban and Harrison 1994). 
Several characteristic storage polysaccharides are found in red, brown and green algae. 
In brown algae, the storage polysaccharide laminaran is a polymer of the glucose unit 
(glucans), whereas green and red algae store starch or floridean starch as storage 
glucans respectively. Laminaran exists in both soluble and insoluble forms and further 
study of the fine chemical structure of laminaran in brown algae revealed the presence 
of the non-reducing mannitol-terminated chain (M-chain) and the reducing 
glucose-terminated chain (G-chain) in this food reserve material. Structural 
polysaccharides are wall-matrix carbohydrates consisting of chained polymers of 
sugar, thus providing structural support to the cells. Different classes of seaweeds 
produce their unique structural polysaccharides. For example, cellulose is known to 
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be the constituent of cell wall in green algae, where agar and carrageenans are the 
important commercial groups of red-algal structural polysaccharides. Another most 
studied polysaccharide is the alginic acid (and its salt alginate) present in the brown 
algae. Alginic acid is a polymer made up of three different blocks, the mannuronic 
acid (M) blocks, guluronic acid (G) blocks, and blocks with alternating mannuronic 
and guluronic (MG) units. Different gel strength of the alginates depends on the 
proportion of these different units within the polymer. Alginate rich in G blocks is stiff 
and alginate rich in M blocks is elastic (McCandless 1981, Lobban and Harrison 
1994). This unique property of alginates from different brown algae thus gives rise to 
a world-wide alginate processing industry (Ang 1984，Tseng 1984，Calumpong 1999, 
Zemke-White and Ohno 1999). 
Other than the complex form of carbohydrates for storage or as structural 
polysaccharides, sugar can also be stored in the form of low-molecular weight 
carbohydrates. These carbohydrates are simple sugar formed in photosynthesis. Some 
of them are immediately used in respiration, some are used as carbon skeleton for 
functional or structural components and some go into storage compounds. Among the 
most common low-molecular weight carbohydrates in seaweeds, sucrose and 
galactoside are two of the most representative simple carbohydrates found in the 
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green and red algae respectively. On the other hand, mannitol is the most common 
sugar alcohol reported and is conspicuous by its almost universal presence in the 
brown algae. 
Mannitol is a 6-carbon acyclic sugar containing six hydroxyl groups (Figure 3.1). It is 
also known as manna sugar or mannite. It is a white odorless crystalline solid with a 
sweet taste (approximately 72% as sweet as sucrose). It is highly soluble in water, 
slightly soluble in lower alcohols and amine and almost insoluble in other organic 
solvents (Montano et. al 1996). Mannitol is synthesized as a major primary 
photosynthetic product as well as a storage compound in many photosynthetic 
organisms (Bidwell and Ghosh 1962, Bidwell 1967, Iwamoto and Shiraiwa 2005). In 
brown algae, mannitol replaces sucrose as a photosynthetic product and the soluble 
storage carbohydrate (Craigie 1974, McCandless 1981). It is not an immediate 
substrate for respiration (Bidwell and Ghosh 1962) and it is inter-convertible with 
another storage polymer laminaran in Fucus (Bidwell 1967). In the kelp Macrocystis, 
mannitol is also the translocation product in the sieve tube (Parker 1966). Other than 
acting as a storage compound, mannitol also serves as osmotic regulator and 
compatible cytoplasmic solute in brown algae (Munda 1964, Craigie 1974, Munda 
and Kremer 1977, Reed 1980, Davison and Reed 1985, Reed et al 1985, Lobban and 
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Harrison 1994，Chapman 1995). The experiment performed by Reed et. al (1985) 
showed that brown algae accumulated mannitol as a response to variations in external 
salinity. In another study, the mannitol contents in Ascophyllum nodosum taken from 
localities of varying salinities were measured and reciprocal transplanting 
experiments were also performed (Munda 1964). The mannitol levels were found to 
decline in plants moved to a lower salinity and increase in those moved to higher 
salinities. Due to the unique chemical and biological characteristics of mannitol, it is 
extracted from seaweeds and used in medical and pharmaceutical products as well as 
in food manufacturing (Montano et al 1996). It is an important diluent and thickener 
especially in the manufacture of chewable tablets in pharmacy. Mannitol has only half 
the calories of regular sugar and is poorly absorbed by body, so it has a smaller impact 
on blood insulin levels, making it a suitable base for diabetic food in food 
manufacturing. 
With the biological and economical importance of mannitol, researches on mannitol 
contents in seaweed or other plants have been carried out and methods for the 
extraction and determination of mannitol have gone through several improvements in 
the past 60 years. The first recommended method for mannitol extraction was 
published by Cameron et. al (1948), which was based on the very rapid oxidation of 
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sugar, alcohols by periodic acid. This method was later considered to be prone to -
errors as it does not discriminate between mannitol and other polyols during oxidation, 
so could lead to overestimation of mannitol (Larsen 1973, Rosell and Srivastava 
1984). Since then, various extraction methods have been developed aiming at 
extracting pure and highest yield of mannitol. Among these, ethanol and water are the 
two most common solvents used in mannitol extractions (Chapman and Craigie 1978, 
Karsten et. al 1991, 1992, 1998, Honya et. al 1993，Stoop and Pharr 1994, Kuwada et. 
al 2005). Karsten et. al (1991) compared the extraction of mannitol in macroalgae 
using hot water and various ethanol extractions. Montano et. al (1996) 
comprehensively reviewed the 14 methods of mannitol extraction in brown seaweeds, 
providing details on the technical requirements, protocol and yields of mannitol for 
each method. These studies demonstrated that similar yield of mannitol was given by 
either hot water or ethanol extractions and the former method is adequate for many 
brown algal species of different developmental stages. In addition to the more precise 
extraction method, the technology of mannitol determination has also become more 
advance when compared with the oldest method of iodine titration suggested by 
Cameron et. al (1948). Different combinations of liquid chromatography (LC), like 
gas-liquid chromatography (GLC), high performance liquid chromatography (HPLC) 
and the C nuclear magnetic resonance ( C NMR) spectroscopy, are the most 
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common approaches used in mannitol determination (Gorham and Lewey 1984, 
Rosell and Srivastava 1984, Reed et. al 1985，Kerby et. al 1989, Davis et. al 1990, 
Karsten et. al 1991，1992, 1998, 1999, Honya et. al 1993，Stoop and Pharr 1994, 
Kuwada et. al 2005). Among these determination methods, GLC requires 
derivatization of the carbohydrates using harmful and often carcinogenic chemicals. 
Sample preparation is also very time consuming. Another method, the 13C NMR 
spectroscopy, requires prior concentration of algal biomass and prolonged analytical 
time due to its insensitivity (Kerby et. al 1989, Karsten et. al 1991). On the other hand, 
the HPLC method described by Kerby et. al (1989), together with optimized 
extraction procedure using non-harmful substance (Karsten et. al 1991) are able to 
overcome many of the above problems and greatly simplify the study of mannitol 
contents in seaweeds. 
HPLC is primarily an analytical separation technique. It is used to detect and quantify 
analytes in complex mixtures, or it may be used to isolate and purify compounds 
(Neue 1997). In liquid chromatography, one phase is stationary which can be solid or 
a liquid immobilized on a solid and, another phase is a mobile liquid phase. When a 
polar stationary phase and a non-polar mobile phase are used, it is known as a 
normal-phase chromatography in contrast to reversed-phase chromatography where a 
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non-polar stationary phase and polar mobile phase are used. Therefore, when the 
mobile phase (together with the mixture for identification) is eluted into the column, 
different compounds in the mixture are caused to move in contact with the absorbent 
stationary phase. Different components in the sample are carried forward at different 
rates by the moving liquid phase due to their differing interactions with the stationary 
and mobile phases. As a result, various compounds are eluted out of the column at 
different times (i.e. retention time) and chromatograms can be obtained by analyzing 
the eluent using appropriate detectors. The retention time is therefore used as an index 
for qualitative determination and peak surface area (or height) as an index for 
quantitative determination. Ultraviolet (UV) and refractive index (RI) detections are 
the two most commonly used detection method in HPLC. The former is based on the 
capacity of different compounds to absorb light in various wavelengths and the latter 
measures the ability of sample molecules in the column effluent to bend or refract 
light (i.e. refractive index) when they pass through the flow cell. Since inconsistent 
absorption wavelengths have been reported for mannitol in various studies (McFeeters 
et. al 1993，Naidu 1998, Paroni et al 2006), RI detection should be more reliable for 
mannitol determination because of its consistent retention time (Karsten 1991, 1992， 
Kuwada et. al 2005). 
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Studies on the quantity of various storage compounds in brown algae have been 
carried out over the past 60 years but most of these studies were on kelps like 
Laminaria (Black 1948，Hatcher et. al 1977, Chapman and Craigie 1978, Liining 
1979, Honya et. al 1993), Macrocystis and Nereocystis (Rosell and Srivastava 1984, 
Zimmerman and Kremer 1986) and only very few were on Sargassum 
(Umamaheswara Rao 1969, Prince and Daly 1981, Chennubhotla et. al 1982, Gorham 
and Lewey 1984) or other brown algae (Moss and Laylor 1954, Umamaheswara Rao 
and Kalimuthu 1972, Kaliaperumal and Kalimuthu 1976). These studies demonstrated 
that mannitol or other storage compounds were usually lowest at the beginning of the 
growing period, and increased when growth proceeded. The peak of mannitol 
concentration in the plant was usually found before the reproductive period and 
decreased with the maturation of the plant. From these studies, it can be seen that 
mannitol would be a very good currency to be used to reflect the seasonal change in 
resource utilization within the plant, due to its uniqueness in brown algae, together 
with its reliable and convenient detection using the HPLC technique. Beside the study 
on the seasonal variation, mannitol content was also found to vary between different 
parts (e.g. annual vs. perennial) within an individual plant. Although different patterns 
were obtained in these studies, it can be generalized that the more mature portions of 
the plant should contain more mannitol (Black 1948, Moss and Naylor 1954, 
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Chapman and Craigie 1978，Prince and Daly 1981，Rosell and Srivastava 1984). In 
the mannitol studies of large kelps, plants were usually divided into holdfast, fronds 
and stipes for comparison (Black 1948，Moss and Naylor 1954, Hatcher et. al 1977， 
Chapman and Craigie 1978). However, in the study of Sargassum the separation of 
plants into fronds and stipes would be difficult and time consuming because of the 
abundant branches and relatively small blades in this genus. Therefore, in order to 
compare mannitol content between various parts of Sargassum, they were usually 
separated into perennial and annual portions i.e. the holdfast and vegetative blades 
respectively (Prince and Daly 1981). 
The present study was performed to investigate the quantity and seasonal pattern of 
mannitol contents in Sargassum siliquastrum in Hong Kong. The variation of 
mannitol content on an individual level was also investigated by separating the plants 
into various regions according to their structural function or level of maturity. 
Mannitol in the perennial structure (i.e. holdfast), different regions of annual 
structures (e.g. basal, middle or top region of vegetative blades) and reproductive 
structures (i.e. receptacles) of S. siliquastrum were extracted by water, determined and 
analyzed using HPLC and RI detectors. Seasonal and intra-individual patterns of 
mannitol content revealed were correlated with the phenological pattern observed in 
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the general survey presented in Chapter 2, in order to relate the utilization and 
allocation of storage product in different parts of the plant during growth or 
reproduction. In Hong Kong, the quantity, seasonal or vertical distribution of mannitol 
in Sargassum or in other seaweeds has never been documented. This study would 
therefore provide a comparative study to see if S. siliquastrum in subtropical area like 
Hong Kong would display a seasonal trend of its storage compound (like mannitol) 
similar to those found in other regions of the world. The pattern of this resource 
utilization over time and among different life stages of S. siliquastrum could also 
shade light on how this species deals with the question of "trade off ' in resource 
allocations among different life processes that are essential for its growth, 
reproduction and survival. 
3.2 Materials and Methods 
3.2.1 Sample Collection and Preparation 
Five individuals of Sargassum siliquastrum were collected monthly from December 
2003 to May 2006. In order to meet the minimum dry weight requirement for 
mannitol analysis, only individuals with holdfast diameter larger than 2cm were 
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collected. When samples were brought back to the laboratory, sediment and epiphytes 
on the plant were thoroughly washed or removed using fresh water. The length of the 
individuals collected was measured from the base of the holdfast to the tip of the 
longest branch. Each individual was separated into holdfast and blades. The 
vegetative blades were further divided into three equal parts according to their length, 
namely basal, middle and top blade region. At the beginning and the end of the 
reproductive period of S. siliquastrum (e.g. November and March in 2004 and 2005), 
although reproductive plants were present in the population, the quantity of 
receptacles isolated were not enough for mannitol analysis. Therefore, mannitol 
content of receptacles was investigated only during the peak reproductive months 
(December 2004, January 2005, February 2005, December 2005, January 2006, 
February 2006) and three reproductive and three non-reproductive individuals were 
analyzed. For the three reproductive plants, sub-sampling was carried out for the 
collection of receptacles as described in Chapter 2 Section 2.2.3. After separated into 
different parts, the samples were freeze-dried using the method described in Chapter 2 
Section 2.2.3 and the dry weight of each part was taken with an A & D HF-3000 
Precision Balance (sensitivity = 0.01 g). 
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3.2.2 Extraction of Mannitol from Sargassum siliquastrum 
The extraction of mannitol from Sargassum siliquastrum was a modified method 
described by Karsten et. al in 1992 (for the red algae Caloglossa) and Montano et. al 
in 1996 (for the brown algae Sargassum). Approximately 0.20 g (0.10 g x 2) of dried 
S. siliquastrum from each part was weighed with an A & D HF-3000 Precision 
Balance (sensitivity == 0.01 g) and extracted with 20.0 ml (10.0 ml x 2) of ultra-pure 
water (Millipore, Milli-RO plus 30) for 4 hours in a 70°C water bath. After incubation, 
the mixtures were vortexed and allowed to stand for 24 hours in room temperature 
(25°C). Following extraction, the mixtures were centrifliged at 7000rpm for 10 
minutes (Hitachi High Speed Refrigerated Centrifuge, CR 21G) and filtered with 
qualitative grade filter paper. The supernatant obtained was freeze-dried in a 
freeze-drier (Labconco, MO) for 7 days and the dried mannitol was stored in 
desiccators before analysis. 
3.2.3 Determination of Mannitol extracted from Sargassum siliquastrum 
The quantitative analysis of mannitol was based on the method described by Kuwada 
et. al (2005), where an HPLC (Water Alliance 2695 Separation Module) equipped 
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with a RI detector (Waters 2414 Refractive Index Detector) was employed. The dried 
mannitol extracted from each part of Sargassum siliquastrum was dissolved in 0.50ml 
ultra-pure water (Millipore, Milli-RO plus 30) and filtered with 0.45fam Millipore 
filter before injecting into the column. Calibration curves were obtained using 
purchased mannitol standard (Aldrich，catalog no. 24018-4), where 0.005 g, 0.010 g, 
0.015 g and 0.020 g of mannitol was weighed by an A & D HM-200 Electronic 
Analytical Balance (sensitivity = 0.0001 g). The mannitol was dissolved in lml 
ultra-pure water (Millipore, Milli-RO plus 30) and filtered with 0.45pm Millipore 
filter to obtain mannitol standards at concentrations of 0.005 g/ml, 0.010 g/ml, 0.015 
g/ml and 0.020 g/ml. The column (YMC, YMC-Pack Polyamine II column，4.6mm in 
diameter, 250 mm in length, 5 卩m in particle size) was eluted with 75% acetonitrile 
(CH3CN/H20) at a flow rate of 0.8 ml/min. For each part of the individuals and the 
mannitol standards, 5 |il of samples was injected once for analysis and the 
chromatogram was allowed to run for 25 minutes. The chromatogram was analyzed 
using the software Empower System equipped with the HPLC system to obtain the 
retention time, peak height and peak area for calculation of mannitol concentration. 
After calibration, the concentration of mannitol in each part of S. siliquastrum was 
first calculated as mannitol g/ml and then expressed as mannitol g/lOOg dry weight 
using the following equation: 
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Mannitol g/ ml x 0.5 ml 
Mannitol g/ lOOg dry weight = x 100 g 
0.20 g 
* where 0.20 g is the original amount of dried Sargassum used in mannitol extraction; 
0.5 ml is the original volume of ultra-pure water used to dissolve the 
mannitol extracted 
3.2.4 Statistical Analysis 
All statistical analyses were performed using SPSS 13.0 for Windows (SPSS Inc., 
USA) and the significance level of all analyses was set at /7=0.05. Method for 
verification of normality or variance and criteria for transformation or use of 
non-parametric tests were the same as those described in Chapter 2 Section 2.2.5. 
To compare the change in mannitol concentration in different parts of Sargassum 
plant over the study period, either parametric one-way ANOVA or non-parametric 
Kruskal-Wallis test was performed. To test for difference between two groups, 
non-parametric Mann-Whitney U test was used if the data failed to meet the 
assumptions for Student 广-test. Correlations between parameters were tested using 
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Pearson's product-moment correlation analysis or, Spearman rank-order correlation 
analysis if the parametric assumptions of the data could not be satisfied. 
3.3 Results 
3.3.1 Seasonal Trend of Mean Mannitol Content and Dry Weight in Different Parts 
of Sargassum siliquastrum 
The chromatogram of the mannitol standard and Sargassum siliqasutrum extract from 
HPLC analysis are shown in Figure 3.2a and 3.2b respectively. Under the condition 
stated in Section 3.2.3, only one peak was found at 19.252 minutes from the 
Sargassum siliquastrum extract (Figure 3.2b). This peak corresponded to that of the 
mannitol standard (retention time = 19.259 minutes, Figure 3.2a). Therefore, the 
unknown compound found in the Sargassum siliquastrum extract was identified as 
mannitol. 
Monthly trend of the mean dry weight and mannitol content in the holdfast, basal, 
middle and top blade regions and receptacles of Sargassum siliquastrum was 
examined. Statistically significant differences in holdfast mean mannitol content 
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(Figure 3.3) and mean dry weight (Figure 3.4) over time were detected. However, the 
correlation between the pattern of change in these two parameters was not statistically 
significant (Spearman rank-order correlation, r = 0.029, p = 0.720, N = 156). From 
Figure 3.3, the mean (± SD) mannitol content in the holdfast remained at around lg 
mannitol/ lOOg dry seaweed from December 2003 to July 2004 and a minimum of 
0.23 士 0.20 g mannitol/ lOOg dry seaweed was detected in March 2004. In August 
2004, the mean mannitol content in the holdfast increased sharply to a maximum of 
4.32 士 2.08 g mannitol/ lOOg dry seaweed but then decreased to less than 1 g 
mannitol/ lOOg dry seaweed in October 2004. Another peak of 3.78 士 2.92 g 
mannitol/ lOOg dry seaweed occurred in December 2004 and the mannitol content 
decreased back to approximately lg mannitol/ lOOg dry seaweed between January 
2005 and July 2005, although a small increase to 1.78 士 1.99 g mannitol/ lOOg dry 
seaweed was recorded in April 2005. The mean mannitol content in the holdfast 
increased to 2.66 士 1.66 g mannitol/ lOOg dry seaweed in October 2005 and then 
decreased to 0.75 士 0.42 g mannitol/ lOOg dry seaweed in March 2006. A sharp rise in 
mannitol content occurred again in April 2006 when 3.24 士 3.03 g mannitol/ lOOg dry 
seaweed was recorded. Similar to the variation in mean mannitol content, the mean 
dry weight of the holdfast also varied between months and years (Figure 3.4). The 
mean (士 SD) dry weight of the holdfast ranged between about 0.5 to 0.6 g from 
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December 2003 to March 2004 and increased to around 1.5g between April 2004 and 
October 2004. Maxima of 1.98 ± 1.23 g and 2.10 ± 1.13 g were recorded in December 
2004 and April 2005 respectively. From May 2005 onwards, the dry weight of the 
holdfast was lower compared to that of the same period in 2004 and a maximum of 
1.20 士 0.54 g was recorded in April 2006. 
Statistically significant difference in the mean monthly mannitol content (Figure 3.4) 
and dry weight (Figure 3.6) of the basal blade region of Sargassum siliquastrum was 
also detected but again, the pattern of change in these two parameters were not 
significantly correlated with each other (Spearman rank-order correlation, r = 0.072,/? 
=0.374, N = 156). Mannitol content was low (less than 1 g mannitol/ lOOg dry 
seaweed) between December 2003 and March 2004 (Figure 3.5). A two month 
increase to around 2 g mannitol/ lOOg dry seaweed was found in April and May 2004 
followed by a drop in June 2004. The mannitol content started rising from June 2004 
to a peak of 5.25 士 2.56 g mannitol/ lOOg dry seaweed in September 2004, then a 
progressive decrease to around 1 g mannitol/ 1 OOg dry seaweed was recorded between 
January and March 2005. A small peak of 2.04 士 0.97 g mannitol/ lOOg dry seaweed 
was found in April 2005 and the mannitol content decreased again to around 0.5 g 
mannitol/ lOOg dry seaweed from May to July 2005. After that, the mannitol content 
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rose again to a maximum of 4.97 ± 1.49 g mannitol/ lOOg dry seaweed in October 
2005. Slight increases were recorded in January and February 2006 within the 
decreasing trend of mannitol content between October 2005 and March 2006. After 
dropping to the minimum of 0.94 士 0.81 g mannitol/ lOOg dry seaweed in March 2006, 
a drastic increase to 6.49 ± 3.99 g mannitol/ lOOg dry seaweed occurred again in April 
2006. The monthly mean (士 SD) dry weight of the basal blade region in S. 
siliquastrum fluctuated between December 2003 and February 2004 and then 
remained at around 3 g during March to June 2004 (Figure 3.6). Increase in dry 
weight of the basal region started in June 2004, with a little drop in September 2004 
and a maximum of 17.42 士 2.00 g was attained in December 2004. A decreasing trend 
was recorded after the peak in December 2004 and a minimum of 1.57 士 0.49 g was 
recorded in June 2005. The dry weight in the basal blade region remained low in the 
rest of the study period. The maximum recorded in February 2006 was only 4.66 士 
2.34 g. 
Monthly change in mean mannitol content and dry weight of the middle blade region 
of Sargassum siliquastrum is shown in Figures 3.7 and 3.8 respectively. Both these 
parameters were significantly different between months (Kruskal Wallis Test, p < 
0.001 for both parameters). Their patterns of change, however, were not significantly 
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correlated with each other (Spearman rank-order correlation, r = 0.097,/? = 0.226, N = 
156). A very low mean mannitol content of only around 0.4 g mannitol/ lOOg dry 
seaweed was recorded between December 2003 to March 2004 (Figure 3.7) and a two 
month increase to 1.30 士 0.48 g mannitol/ lOOg dry seaweed occurred within April 
and May 2004. The mannitol content increased gradually from 0.55 士 0.11 g 
mannitol/ lOOg dry seaweed in June 2004 to a peak of 2.55 士 1.28 g mannitol/ lOOg 
dry seaweed in September 2004. A sharp decrease to 1.21 士 1.00 g mannitol/ lOOg dry 
seaweed occurred in October 2004, followed by a decreasing trend with fluctuations 
recorded between October 2004 and July 2005 and a minimum value of 0.16 土 0.19 g 
mannitol/ lOOg dry seaweed recorded in May 2005. Increase in mannitol content 
started again from July 2005 and reached the maximum of 3.67 ± 1.83 g mannitol/ 
lOOg dry seaweed in October 2005. Another small peak of 1.50 士 0.68 g mannitol/ 
lOOg dry seaweed was recorded in December 2005, before dropping to the minimum 
of 0.34 ±0.31 g mannitol/ lOOg dry seaweed in February 2006. The highest mean 
mannitol content in the middle blade region within the whole study period was 
recorded as a sharp increase in April 2006 at 5.17 士 1.66 g mannitol/ lOOg dry 
seaweed. The mean dry weight of the middle blade region also varied between 
December 2003 and February 2004 before reaching the minimum of around 1.5g 
during March 2004 and May 2004 (Figure 3.8). Increase in dry weight started in June 
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2004，went over a slight drop in September 2004 and attained the maximum of 19.13 
士 5.87 g in December 2004. Gradual decrease in dry weight was observed after the 
peak in December 2004 and a minimum of 2.21 ± 1.31 g was recorded in April 2005. 
Dry weight of middle blade region remained low in the next season and peaks of 5.18 
士 2.16 g in August 2005, 5.28 士 1.69 g in December 2005 and 4.97 士 2.05 g in 
February 2006 were recorded accordingly. 
Figures 3.9 and 3.10 show respectively the monthly change in the mean mannitol 
content in the top blade region of Sargassum siliquastrum and the corresponding 
change in its mean monthly dry weight. Statistically significant differences were 
detected for changes in these parameters over time (Kruskal Wallis test, p < 0.001 for 
both), but the pattern of change between these parameters was not significantly 
correlated (Spearman rank-order correlations, r = 0.011, p = 0.894, N = 156). Similar 
to other blade regions, the mean (± SD) mannitol content in the top blade region 
exhibited a peak in April 2004 (1.05 ±0.61 g mannitol/ lOOg dry seaweed) (Figure 
3.9). Maximum mannitol content of 1.49 士 1.12 g mannitol/ lOOg dry seaweed was 
recorded in September 2004 and then dropped to around 0.5 g mannitol/ lOOg dry 
seaweed between October and December 2004. Another peak of 1.22 士 0.64 g 
mannitol/ lOOg dry seaweed was observed in January 2005 before reaching the 
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minimum of about 0.2 g mannitol/ lOOg dry seaweed during May to July 2005. The 
mannitol content rose again in August 2005, a peak of 1.88 士 1.04 g mannitol/ lOOg 
dry seaweed was attained in October 2005 and remained at around 0.2 to 0.5 g 
mannitol/ lOOg dry seaweed from November 2005 to March 2006. A dramatic 
increase occurred in April 2006，when 2.98 ± 1.37 g mannitol/ lOOg dry seaweed was 
detected. Mean dry weight of the top blade region also exhibited a similar trend as 
other parts, showing a small peak of 4.25 士 5.12 g in February 2004 before dropping 
to the minimum of around lg in March to May 2004 (Figure 3.10). The dry weight in 
the top blade region increased progressively from June 2004 and peaked in December 
2004 with 9.47 士 3.93 g, followed by a decreasing trend to a minimum of 1.26 士 0.54 
g in April 2005. Mean dry weight of the top blade region remained low (around 1.5 to 
2.5 g) from April 2005 onwards and only a peak of 3.54 士 1.02 g was detected in 
August 2005. 
By comparing Figures 3.3, 3.5, 3.7 and 3.9, the variation of mannitol content between 
various parts of Sargassum siliquastrum was found to be quite consistent over time. A 
small peak was usually observed in around April, followed by a large peak in 
September or October each year. The mannitol content in different regions of S. 
siliquastrum was also found to be significantly positively correlated with each other 
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(Spearman rank-order correlations, Table 3.1). Among different regions, stronger 
positive correlations were found between the mannitol content of the basal and middle 
blade regions (r = 0.785) and that between the middle and top blade regions (r = 
0.746). Mannitol contents in different parts of the plants were found not to be 
significantly different from each other only in December 2003, April 2004，January, 
February, April to July 2005, January and March to May 2006 (Kruskal Wallis test, p 
>0.05, Table 3.2). 
Monthly mean mannitol content in the receptacles isolated from the reproductive 
plants was significantly different between months (Figure 3.11). Significant positive 
correlation was found between the pattern of change in mean mannitol content in the 
receptacles and the reproductive effort (obtained from the general monthly survey, 
Chapter 2, Figure 2.10) of the corresponding individuals (Spearman rank-order 
correlations, r = 0.992, p < 0.001, N = 90). Mannitol content peaked in December 
2004 at 0.51 ± 0.12 g mannitol/ lOOg dry seaweed and decreased to 0.29 ± 0.18 g 
mannitol/ lOOg dry seaweed in February 2005 (Figure 3.11). In the following season, 
the mannitol content in the receptacles was lower and an opposite trend was observed 
wherein the mannitol content in the receptacles increased from December 2005 (0.08 
士 0.08 g mannitol/ lOOg dry seaweed) to a peak of 0.21 ±0.15 g mannitol/ lOOg dry 
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seaweed in February 2006. 
Mannitol contents in the holdfast, basal, middle, top blade regions and receptacles 
from each month were pooled to obtain the mean total mannitol content in the whole 
plant (Figure 3.12). The total mannitol content was statistically significantly different 
between months (Kruskal Wallis test, p < 0.001) and its pattern of seasonal variation 
was very similar to that observed in the basal blade region (Figure 3.5). Peaks of 5.69 
士 2.11 g mannitol/ lOOg dry seaweed was identified in April 2004 (Figure 3.12). A 
maximum of 10.81 士 4.87 g mannitol/ lOOg dry seaweed was attained in September 
2004, followed by a decreasing trend to a minimum of about 4 g mannitol/ 1 OOg dry 
seaweed within February and March 2005. A peak of 5.91 士 3.71 g mannitol/ lOOg 
dry seaweed was found in April 2005 and after a drop to around 1.5 g mannitol/ lOOg 
dry seaweed in May 2005, another smaller peak of 2.65 士 0.73 g mannitol/ lOOg dry 
seaweed was recorded in June 2005. The total mannitol content increased from July 
2005 onwards and the maxima of 13.17 士 5.60 g mannitol/ lOOg dry seaweed and 
7.53 士 4.27 g mannitol/ lOOg dry seaweed were obtained in October 2005 and January 
2005 respectively. The highest peak of 17.87 士 7.46 g mannitol/ lOOg dry seaweed 
was recorded in April 2006, after a drop from January to March 2006. 
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3.3.2 Correlation of Mannitol Content in Various Parts with Length, Number of 
Main Axes and Number of New Shoots in the Population 
Correlation between mean monthly mannitol content from holdfast, basal, middle and 
top blade regions of Sargassum siliquastrum with data on length, number of main 
axes, number of size class 1 (1 to 3 cm) and size class 2 (>3 to 5 cm) new shoots in 
the population from the monthly general survey (Chapter 2，Figures 2.1 to 2.3) was 
examined. However, none of the correlation was statistically significant (Pearson 
product-moment correlation, p > 0.05, N = 21). 
One month antecedent mean monthly mannitol content (i.e. August 2004 to May 2006) 
from the different regions of Sargassum siliquastrum was correlated with the same 
data above from the monthly general survey. Significant positive correlation was only 
detected between one month antecedent mean mannitol in the holdfast and the mean 
number of main axes (Pearson product-moment correlation, r = 0.498, p = 0.025, N = 
21) (Table 3.3). However, when changes in the values of the various growth 
parameters in the population were correlated with two months antecedent mean 
mannitol content (i.e. July 2004 to May 2006) in different parts of the plants, some 
significant correlations were detected (Table 3.4). The number of main axes was 
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significantly positively correlated with the basal (Pearson product moment correlation, 
r = 0.524, p = 0.018, N = 20) and middle blade regions (r = 0.474，p = 0.051, N =20) 
mannitol content but not with that in the holdfast (p = 0.224, N = 20) and top blade 
region (p = 0.215，N = 20). A strong positive correlation was detected between length 
of plants in the population and mannitol content in the basal blade region (r = 0.724,/7 
< 0.001, N = 21), whereas a weaker positive correlation was found between length 
and holdfast mannitol (r = 0.543,^ = 0.011, N = 21). However, mannitol contents in 
the middle blade (p = 0.051, N = 21) and top blade (p = 0.234, N = 21) regions were 
not significantly correlated with mean length in the population. The number of size 
class 1 new shoots was not correlated with mannitol content of any of the regions but 
the number of size class 2 new shoots was significantly positively correlated with 
holdfast (r = 0.617, p = 0.003, N = 21)，basal (r = 0.571, p = 0.007, N = 21) and top 
blade (r = 0.437, p = 0.048, N = 21) region mannitol content, but not with that of the 
middle blade region (p = 0.056, N = 21). 
3.3.3 Mannitol Content in Reproductive and Non-reproductive Individuals 
Reproductive individuals generally displayed a higher mannitol content in their 
holdfast when compared with the non-reproductive individuals (Figure 3.13). 
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However，significant difference in holdfast mannitol contents between these 
individuals was detected only in January 2006 (Student 广-test, p 二 0.038，df = 4). For 
the vegetative blades, mannitol contents in basal (Figure 3.14), middle (Figure 3.15) 
and top blade (Figure 3.16) regions of reproductive and non-reproductive were also 
compared, but no significant differences in the mannitol contents between these 
individuals were detected (Student /-test, p > 0.05，df = 4). For both reproductive and 
non-reproductive individuals, the mannitol content in each part was found not to be 
significantly different between months (Kruskal Wallis test, p > 0.05，df = 5). 
Comparing within non-reproductive individuals, the mannitol content in different 
regions was found not to be significantly different from each other (Kruskal Wallis 
test, p > 0.05，df = 3). For reproductive individuals, the mannitol content between 
different parts (including receptacles) was found to be significantly different from 
each other in the reproductive months, except in December 2005 and February 2006 
(Table 3.5). 
3.4 Discussion 
3.4.1 Seasonal Variation of Mannitol Content in Sargassum siliquastrum 
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Studies on mannitol content in the Phaeophyceae revealed a consistent seasonal trend 
among species with similar life histories. In the study of Black (1948)，lowest 
mannitol content was found in the early growth stage of Laminaria cloustoni when 
the fronds was renewing. The kelps displayed their peak of mannitol content in the 
mid summer, corresponding to their active growing period. Studies on L. japonica 
(Honya et. al 1993), L. longicruris (Hatcher et. al 1977，Chapman and Craigie 1978) 
and Macrocystis integrifolia (Rosell and Srivastava 1984) also discovered the peak of 
mannitol content in the plants during their growth maxima and minimum content 
throughout the dieback stage. For some of the above perennial species which 
reproduce only once a year, a decrease in mannitol content was also found with the 
development of reproductive structures (Rosell and Srivastava 1984, Honya et. al 
1993). In contrast, species with multiple reproductive cycles in a year displayed a 
different seasonal trend in mannitol content. Turbinaria decurrens, which fruits in all 
months of the year, showed their peak mannitol content in the early stages of growth 
cycles and lowest during peak growth (Kaliaperumal and Kalimuthu 1976). Earlier 
mannitol content analyses on Sargassum done at least 20 years ago showed S. wightii 
(Umamaheswara Rao 1969), S. pteropleuron (Prince and Daly 1981) and S. muticum 
(Gorham and Lewey 1984) to be sharing the same general pattern of increased 
mannitol content in the growing period as in some brown algae. However, S. 
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ilicifolium and S. myriocystum showed no relationship between the seasonal changes 
of mannitol content and growth behaviour (Chennubhotla et. al 1982). In terms of 
absolute content, mannitol content in Sargassum ranged between 5% to 16% of its dry 
weight (Prince and Daly 1981, Chennubhotla et. al 1982, Gorham and Lewey 1984), 
compared with 5% to 37% dry weight in Laminaria (Black 1948, Honya et. al 1993). 
In this study, the mannitol content of Sargassum siliquastrum ranged from about 1% 
to 17% of its dry weight (Figure 3.12), which is comparable to that in S. pteropleuron 
(Prince and Daly 1981) and S. muticum (Gorham and Lewey 1984) but higher than 
the range of 1.5 to 5% in S. ilicifolium and S. myriocystum (Chennubhotla et. al 1982). 
The seasonal variation in mannitol content of S. siliquastrum was similar to the 
general trend observed in other brown algae. Mannitol concentration increased at the 
beginning of the active growing period in July and peaked at the middle of the 
growing season in September or October. This change in mannitol content 
corresponded to the increase in the photosynthetic rate of S. siliquastrum in the study 
site, where the photosynthetic rate of this species increased from the minimum in May 
to the peak in September (Yeung, unpublished data). Prince (1980) also documented 
the same seasonal variation of photosynthetic rate in S. pteropleuron, having a 
significant reduction in photosynthetic rate with the senescence of the annual axes. 
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The decline continued in the die back stage. These parallel patterns between increase 
in photosynthetic rates and accumulation of mannitol in the plant during the active 
growing stage supported the suggestion that mannitol is a primary product of 
photosynthesis. After reaching the peak during the active growing stage, the mannitol 
content dropped before the reproductive season in December and a greater drop was 
found at the end of the reproductive season in February. This suggested that mannitol, 
being a major photosynthetic and storage compound in Sargassum, may be used for 
the initial development of receptacles, so the highest mannitol level prior to the 
initiation of reproductive branches and the decrease in mannitol content with the 
development of reproductive structure was recorded, as in other Sargassum 
(Umamashewara Rao 1969，Prince and Daly 1981, Gorham and Lewey 1984). 
However, receptacles of Sargassum are photosynthetic. They may become 
self-sustaining for their energy resources after a certain level of development, 
resulting in a stabilized mannitol level in the peak reproductive months of December 
and January. At the end of the reproductive period, the plant entered die back stage by 
shedding off most of the vegetative blades, leading to the dramatic drop in mannitol 
level between February and March. During the senescence stage, most of the kelps 
and brown algae showed low level of mannitol or other storage compounds like 
laminaran (Black 1948, Price and Daly 1981, Gorham and Lewey 1984, Rosell and 
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Srivastava 1984, Honya et. al 1993). 
Sargassum siliquastrum in this study exhibited a larger peak in mannitol content in 
April, especially in 2006, and a smaller peak in June during the slow growth stage. 
Similar to S. siliquastrum, S. muticum in Demark also displayed slightly higher 
carbon content in the plant first month after die back (Wernbery et. al 2000). The 
increase in mannitol content in S. siliquastrum also corresponded to a small increase 
in plant photosynthetic activities in the same period (Yeung unpublished data). 
Throughout the slow growth period from March to July, plant size remained more or 
less unchanged (see Chapter 2, Figure 2.1), so the mannitol generated from the 
perennial parts of the plants in April and June could have been used mainly to sustain 
themselves or to support the formation of new annual axes and shoots (see also 
Figures 2.2 and 2.3), as suggested by Prince and Daly (1981). 
3.4.2 Vertical Distribution of Mannitol in Sargassum siliquastrum 
The distribution of mannitol varied among different portions of the plants. Previous 
studies showed that the annual portions (i.e. the vegetative blades) of the plants 
generally contained more mannitol than the perennial portions (i.e. holdfast). Black 
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(1948) showed that mannitol content in the annual fronds of Laminaria cloustoni was 
higher than in the perennial stipes. The same trend was also observed in Macrocystis 
integrifolia and Nereocystis luetkeana by Rosell and Srivastava (1984). Cytological 
studies by Fagerbery et. al (1979) on Sargassum filipendula showed that the surface 
area for photosynthesis in blade cells was higher than that in the stipe cells, so the 
blades exhibited greater photosynthetic potential than the stipes. This hypothesis was 
experimentally proven in the same study. However, inconsistency did exist as in the 
study on Durvillea antarctica. The lowest mannitol level was recorded in the laminar 
when compared with the stipe and perennial disc (Moss and Naylor 1954). In some 
studies, the vegetative blades of the plant were separated according to their age in the 
analysis of mannitol content. For Laminaria longicruris, the mannitol level was found 
to be higher in the older blades than in the young frills (Chapman and Craigie 1978). 
The experiment performed by Liining (1979) also revealed that younger tissues of 
three species of Laminaria contained less mannitol than the older tissues. Analysis of 
the reproductive individuals showed that mannitol content was highest in the fertile 
branches of S. pteropleuron than in any other portion of the plant (Prince 1980). 
Further study on the same species showed that the receptacles of S. pteropleuron 
contained highest level of mannitol than the blades, bladder or holdfast (Prince and 
Daly 1981). 
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In the present study, the perennial holdfasts of Sargassum siliquastrum individuals 
were first separated and the annual vegetative blades were further divided according 
to their position in the plant length. The basal part of the vegetative blades was 
considered to be the older and more mature portions, in contrast with the growing top 
blade region. Mannitol levels in the holdfast and the basal blade region of S, 
siliquastrum were often found to be higher than those in the middle and top blade 
regions. This finding was in contrast with the general trend found in most Laminaria 
and Sargassum, where the perennial parts (stipe or holdfast respectively) contained 
less mannitol. Yeung (unpublished data) analyzed the photo synthetic rate of different 
portion of Sargassum siliquastrum in the laboratory and found that the holdfast and 
the top blade region displayed the lowest photo synthetic activities than the basal and 
middle blade regions. Therefore, it is reasonable to observe the decreasing mannitol 
level from the base to the top, as the top blade regions usually consisted of growing 
branches and blades which may not be well developed for active photosynthesis. On 
the other hand, the unexpectedly high mannitol content in the holdfast suggested that 
mannitol may be simply diffused from the photosynthetically active basal blade 
region down to the holdfast. The movement of mannitol along the concentration 
gradient between the blades and the holdfast was supported by the study on S. 
pteropleuron, where Prince (1980) found the photo synthetic rate in the holdfast to be 
Chapter 3 Mannitol Content in Sargassum siliquastrum 108 
90% less than that in the annual axes, but the mannitol content in the holdfast was just . 
30% less. Besides simple diffusion, transport of materials in Sargassum may be 
achieved by translocation (Prince and Daly 1981, Schmitz 1982). The presence of 
primary pit fields in the medullary cells of some Sargassum species may also facilitate 
movement of materials along the plant (Fagerbery and Dawes 1977, Prince and Daly 
1981). In contrast to previous findings, receptacles of S. siliquastrum showed the 
lowest mannitol concentration when compared with any other parts of the plant. This 
pattern was again correlated by their having a lower photosynthetic activity than in 
the blades (Yeung unpublished data). Since receptacles were considered to be energy 
demanding structures, the low photosynthetic rate in the receptacles implied that they 
may not be self sustainable in producing sufficient photosynthate. Therefore, mannitol 
may be translocated from other regions of the plants or diffused from the adjacent 
blades to the receptacles to meet the demand. Since, mannitol may be metabolized 
immediately instead of stored, a low mannitol level in the receptacles would thus be 
expected. 
3.4.3 Mannitol for Growth and Reproduction in Sargassum siliquastrum 
In previous studies, although an increasing trend of mannitol content was generally 
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observed in brown algae during their growing stage and peaked before their 
reproductive period, only very few attempts have been made to investigate the use of 
this photosynthetic product in different life stages of the plant. Hatcher et. al (1977) 
performed an experiment on Laminaria longicruris to investigate the annual carbon 
budget of the kelp. They found that much of the carbon fixation took place in active 
growth and approximately 45% of the assimilated carbon (primarily mannitol) was 
used in the production of new frond tissue. Negative assimilation was reported during 
die back and later the stored reserves in the mature frond were drawn to supplement 
photosynthesis in providing carbon in the early growth stage. However, the study by 
Chapman and Craigie (1978) on the same species showed that laminaran or mannitol 
formed during the growth maxima did not play a significant role in the onset and 
maintenance of later growth, as plants with either high or low carbohydrate levels 
displayed similar growth rates in the new season. 
Mannitol in Sargassum siliquastrum was found to be correlated with various growth 
parameters in the present study. The correlation between two month antecedent 
mannitol content in the basal blade region and holdfast with the population mean 
length suggested that the growth of S. siliquastrum was supported mainly by the basal 
part of the plant. Moreover, the stronger correlation detected between the basal region 
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and plant mean length implied that mannitol from this region played a more important 
role in the increase in plant length. Therefore, mannitol may be translocated or 
diffused from the basal part to supplement apical growth in the top blade region. 
Other than supporting the apical growth at the top, mannitol in the basal part of the 
plant could also be used in new axis and shoot formation. The number of main axes in 
the population was correlated with one month antecedent holdfast mannitol content 
and two months antecedent mannitol content in the basal and middle blade regions, 
suggesting that mannitol stored in the blade region was utilized first in the 
development of new axes when compared with those in the holdfast. Emergence of 
size class 1 new shoots (i.e. new shoots of l-3cm long) was not correlated with 
mannitol content of any part of the plant. However, the number of the longer size 
class 2 new shoots was found to be correlated with the mannitol content of the plants. 
The stronger correlation between size class 2 new shoots and holdfast implied that 
mannitol in the holdfast was used more readily in the growth of the new shoots than 
mannitol in the basal and top blade regions. 
Reproduction was regarded as an energy demanding process in many plants, so a cost 
was often thought to be imposed on reproductive individuals. Therefore, reserve 
materials like mannitol should be lower in reproductive plants if it was readily 
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consumed in reproduction. The similar mannitol content found between reproductive 
and non-reproductive individuals of Sargassum siliquastrum may imply that 
reproduction in this species is not too "costly" in terms of storage compounds. 
However, as reflected in the seasonal variation of mannitol content over years (Figure 
3.12), the mannitol content in different parts of the plant or the total mannitol content 
actually dropped before the maturation of the plant and remained steady throughout 
the reproductive period. Since the utilization of reserve for reproductive development 
likely commenced before the reproductive period (as reflected by the decrease in 
mannitol content in November, as shown in Figures 3.5, 3.7 and 3.9) but plants were 
collected for analysis after they became reproductive in December to February, it is 
thus reasonable to observe no difference in the mannitol content between the 
reproductive and non-reproductive individuals. 
I 
3.5 Summary 
In summary, Sargassum siliquastrum in Lung Lok Shui exhibited a similar seasonal 
variation in mannitol content as in many other brown algae examined before. 
Mannitol content increased as growth proceeded and peaked during the active 
growing stage, right before the initiation of the reproductive cycle. A drop in mannitol 
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content was recorded only at the start of the reproductive period and this remained 
stable thereafter. Dramatic decrease in mannitol concentration occurred after the 
reproductive period and a small increase in mannitol content was identified after die 
back, suggesting that the surplus produced during the slow growth period may be used 
to maintain the perennial holdfast or to develop new shoots for the next season. When 
mannitol analysis was performed on different parts of the plants, it was found that the 
more mature basal part of the plant (i.e. holdfast and basal blade region) contained 
higher levels of mannitol when compared to the younger middle and top blade regions. 
The disproportionately higher level of mannitol in the photosynthetically less active 
holdfast suggested that mannitol may be diffused from the basal blades down to the 
holdfast, facilitated by the existence of a concentration gradient between them. The 
correlation between mannitol content in the basal parts of the plant and the various 
population growth parameters of S. siliquastrum implied that storage compounds in 
the holdfast and basal blade region were translocated and consumed for the 
development and elongation of new shoots. In contrast to previous studies, receptacles 
of S. siliquastrum displayed the lowest mannitol content, which appeared to match 
their low photosynthetic activity. Together with the drop in total mannitol content 
before the reproductive period, it could be suggested that mannitol may be 
translocated from other parts of the plant to sustain the rapid development of the 
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receptacles instead of being stored. Therefore, there is a net energy cost for the 
initiation of reproduction and a trade off between growth and reproduction wherein 
mannitol as an energy reserve may need to be imported elsewhere from other parts of 
the plant to start the receptacle development. Furthermore, mannitol may also be 
translocated or diffused to the holdfast, where extra reserve energy would be needed 
to develop new shoots for the following year growth. 
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Table 3.1 Spearman rank-order correlations between mannitol content in various 
parts of Sargassum siliquastrum. Significant correlations (p < 0.05) are 
given in bold. 
Basal Blade Middle Blade Top Blade 
Mannitol Mannitol Mannitol 
r = 0.520 r = 0.503 r = 0.411 
Holdfast Mannitol p < 0.001 p < 0.001 p < 0.001 
N = 155 N = 155 N = 155 
r = 0.785 r = 0.546 
Basal Blade 
p < 0.001 p < 0.001 
Mannitol 
N = 155 N = 155 
r = 0.746 
Middle Blade 
p < 0.001 
Mannitol 
N=155 
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Table 3.2 Kruskal Wallis tests (df = 3) between mannitol content in holdfast, basal, 
middle and top regions of blades of Sargassum siliquastrum for each 
month. Significant differences {p < 0.05) are given in bold. 
Month Chi-square p value 
December 2003 0.600 0.896 
January 2004 9.514 0.023 
February 2004 11.983 0.007 
March 2004 9.057 0.029 
April 2004 1.651 0.648 
May 2004 10.520 0.015 
June 2004 11.309 0.010 
July 2004 10.611 0.014 
August 2004 14.177 0.003 
September 2004 8.714 0.033 
October 2004 11.309 0.010 
November 2004 13.651 0.003 
December 2004 8.740 0.033 
January 2005 4.853 0.183 
February 2005 3.407 0.333 
March 2005 10.451 0.015 
April 2005 4.920 0.178 
May 2005 6.977 0.073 
June 2005 5.880 0.118 
July 2005 7.686 0.053 
August 2005 16.486 0.001 
September 2005 9.663 0.022 
October 2005 9.286 0.026 
November 2005 10.406 0.015 
December 2005 8.440 0.038 
January 2006 7.367 0.061 
February 2006 12.967 0.005 
March 2006 2.086 0.555 
April 2006 i m i 0.072 
May 2006 1.949 0.583 
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Table 3.3 Pearson product-moment correlations between one month antecedent mean 
mannitol content in various parts of Sargassum siliquastrum and the mean 
length, number of main axes, number of size class 1 (l-3cm) and size class 
2 (>3-5cm) new shoots of Sargassum siliquastrum in the population. 
Significant correlations (p < 0.05) are given in bold. 
One Month Antecedent 
Holdfast Base Blade Middle Blade Top Blade 
Mannitol Mannitol Mannitol Mannitol 
r = 0.183 r = 0.184 r = -0.146 r = -0.197 
Length p = 0.427 p = 0.425 p = 0.529 /7 = 0.391 
N 二 21 N = 21 N = 21 N = 21 
r = 0.498 r = 0.184 r = 0.079 r = -0.019 
Number of 
p = 0.025 p = 0.438 p = 0.739 p = 0.936 
Main Axes 
N = 20 N = 20 N = 20 N = 20 
Number of 
. r = 0.206 r = 0.108 r = 0.002 r = 0.046 
Size C l^ass 1 
p = 0.370 p = 0.642 p = 0.993 p = 0.843 
New Shoots 
N = 21 N = 21 N = 21 N = 21 
(l-3cm) 
Number of 
. r = 0.096 r = 0.232 r = 0.040 r = 0.064 
Size (^llass 2 
p = 0.678 /7 = 0.312 p = 0.682 p = 0.782 
New Shoots 
N = 21 N = 21 N 二 21 N = 21 
(>3-5cm) 
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Table 3.4 Pearson product-moment correlations between two month antecedent 
mean mannitol content in various parts of Sargassum siliquastrum and the 
mean length, number of main axes, number of size class 1 (l-3cm) and 
size class 2 (>3-5cm) new shoots of Sargassum siliquastrum in the 
population. Significant correlations (p < 0.05) are given in bold. 
Two Months Antecedent 
Holdfast Base Blade Middle Blade Top Blade 
Mannitol Mannitol Mannitol Mannitol 
r = 0.543 r = 0.724 r = 0.431 r = 0.271 
Length ；7 = 0.011 0.001 ；7 = 0.051 p = 0.234 
N = 21 N = 21 N = 21 N = 21 
r = 0.285 r = 0.524 r = 0.474 r = 0.290 
Number of 
p = 0.224 /7 = 0.018 尸0.035 ；7 = 0.215 
Main Axes 
N = 20 N = 20 N = 20 N 二 20 
Number of 
. r = 0.289 r = 0.241 r = 0.015 r = -0.208 
Size ^ l^ass 1 
p = 0.204 p = 0.292 p = 0.948 p = 0.365 
New Shoots 
N = 21 N = 21 N = 21 N = 21 
(l-3cm) 
Number of 
r = 0.617 r = 0.571 r = 0.423 r = 0.437 
Size C^ lass 2 ；7 = 0.003 p = 0.007 ；？ 二 0.056 p = 0.048 
New Shoots 
N = 21 N = 21 N = 21 N 二 21 (>3-5cm) 
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Table 3.5 Kruskal Wallis tests (df = 4) between mannitol content in holdfast, base, 
middle, top regions of blades and receptacles of Sargassum siliquastrum 
for each reproductive month. Significant differences (p < 0.05) are given 
in bold. 
Month Chi-square p value 
December 2004 11.367 0.023 
January 2005 10.167 0.038 
February 2005 10.833 0.029 
December 2005 9.367 0.053 
January 2006 10.967 0.027 
February 2006 7.500 0.112 
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C H 2 O H 
Fig. 3.1 Structural formula of mannitol. 
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Fig. 3.2 HPLC chromatogram of (a) mannitol standard (0.131g/ml) and (b) 
Sargassum siliquastrum extract. 
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Fig. 3.3 Seasonal change in mean (± S.D.) mannitol content in holdfast of 
Sargassum siliquastrum. Kruskal Wallis test (with Chi-square value and 
df given) was used to evaluate significant differences in mean mannitol 
content between months. 
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Fig. 3.4 Seasonal change in mean (± S.D.) dry weight of holdfast of Sargassum 
siliquastrum. Kruskal Wallis test (with Chi-square value and df given) 
was used to evaluate significant differences in mean dry weight between 
months. 
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Fig. 3.5 Seasonal change in mean (士 S.D.) mannitol content in basal blade 
region of Sargassum siliquastrum. Kruskal Wallis test (with Chi-square 
value and df given) was used to evaluate significant differences in mean 
mannitol content between months. 
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Fig. 3.6 Seasonal change in mean (士 S.D.) dry weight of basal blade region of 
Sargassum siliquastrum. Kruskal Wallis test (with Chi-square value and 
df given) was used to evaluate significant differences in mean dry 
weight between months. 
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Fig. 3.7 Seasonal change in mean (± S.D.) mannitol content in middle blade 
region of Sargassum siliquastrum. Kruskal Wallis test (with Chi-square 
value and df given) was used to evaluate significant differences in mean 
mannitol content between months. 
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Fig. 3.8 Seasonal change in mean (± S.D.) dry weight of middle blade region of 
Sargassum siliquastrum. Kruskal Wallis test (with Chi-square value and 
df given) was used to evaluate significant differences in mean dry 
weight between months. 
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Fig. 3.9 Seasonal change in mean (± S.D.) mannitol content in top blade region 
of Sargassum siliquastrum. Kruskal Wallis test (with Chi-square value 
and df given) was used to evaluate significant differences in mean 
mannitol content between months. 
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Fig. 3.10 Seasonal change in mean (± S.D.) dry weight of top blade region of 
Sargassum siliquastrum. Kruskal Wallis test (with Chi-square value and 
df given) was used to evaluate significant differences in mean dry 
weight between months. 
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Fig. 3.11 Seasonal change in mean (士 S.D.) mannitol content in receptacles of 
Sargassum siliquastrum. Kruskal Wallis test (with Chi-square value and 
df given) was used to evaluate significant differences in mean mannitol 
content between months. 
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Fig. 3.12 Seasonal change in mean (± S.D.) total mannitol content of Sargassum 
siliquastrum. Kruskal Wallis test (with Chi-square value and df given) 
was used to evaluate significant differences in mean total mannitol 
content between months. 
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Fig. 3.13 Mean (± S.D.) mannitol content in the holdfast of reproductive and 
non-reproductive individuals of Sargassum siliquastrum. Student Mest 
(df = 4) was performed for each month to evaluate significance 
difference in mannitol content between reproductive and 
non-reproductive individuals. * above each pair of data indicates means 
that are statistically significantly different (p < 0.05). 
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Fig. 3.14 Mean (± S.D.) mannitol content in the basal blade region of 
reproductive and non-reproductive individuals of Sargassum 
siliquastrum. Student f-test (df = 4) was performed for each month to 
evaluate significance difference in mannitol content between 
reproductive and non-reproductive individuals (p > 0.05 for all months). 
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Fig. 3.15 Mean (± S.D.) mannitol content in the middle blade region of 
reproductive and non-reproductive individuals of Sargassum 
siliquastrum. Student 厂test (df = 4) was performed for each month to 
evaluate significance difference in mannitol content between 
reproductive and non-reproductive individuals (p > 0.05 for all months). 
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Fig. 3.16 Mean (± S.D.) mannitol content in the top blade region of reproductive 
and non-reproductive individuals of Sargassum siliquastrum. Student 
"test (df = 4) was performed for each month to evaluate significance 
difference in mannitol content between reproductive and 
non-reproductive individuals (p > 0.05 for all months). 
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Chapter 4 
Effect of Reduced Resources on Growth or Reproduction of 
Sargassum siliquastrum 
4.1 Introduction 
It is suggested that the process of individual development represents a strategic 
allocation of energy or time to conflicting ends. As generalized by Cody (1966), each 
individual organism partitions a limited amount of available resources into its growth, 
maintenance, defense and reproduction according to the "principle of allocation". This 
principle suggests that organism under natural selection optimizes the partitioning of 
the limited time or energy available in a way that maximizes its fitness. Also, as 
pointed out by Harper (1977) and Stearns (1989), this concept of resource allocation 
depends absolutely on the idea that different structures or activities are alternatives, 
that a gain in one as a result of selection must be offset by a loss in another, i.e. there 
is "trade-off' between various processes (Cody 1966). For example, plants have to 
choose between early reproduction with less growth or later reproduction after more 
growth has taken place. Nevertheless, the size and initiation time for reproduction in 
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plants may eventually determine their final reproductive success, so the partitioning of 
resource and time between vegetative and reproductive growth in plants is most 
critical when compared to other simultaneous life functions. In order to understand 
the strategies and allocation patterns of finite resources between growth and 
reproduction in plants, various studies have been carried out and mathematical models 
developed (Cohen 1971，1976, Schaffer 1974, King and Roughgarden 1982, 
Chiariello and Roughgarden 1984，Hara et. al 1988, Kozlowski and Ziolko 1988, 
Engen and Saether 1994, Acosta et. al 1997). It was found that when growth was 
limited by time or by limiting resources, the optimal allocation to growth and 
reproduction varied between plants with different life histories and in different 
environments, even though they both tried to maximize their final reproductive yield 
(Cohen 1971, Chiariello and Roughgarden 1984，Hara et. al 1988). Annual or biennial 
plants living in a changing environment would try to reproduce as fast as possible to 
anticipate the risk of sudden death, so an early switchover time from vegetative to 
reproductive growth was observed. On the other hand, perennial plants that lived in a 
more stable environment showed delayed switchover time because the selection 
favors individuals with higher biomass that could provide higher reproductive output. 
In contrast to the better documented pattern of optimal allocation in land plants, 
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performances of algal species in fluctuating vs. constant environment were more 
rarely compared or examined. Littler and Littler (1980) listed the cost, benefit and the 
attributes that hypothetically would increase the fitness of short-lived and long-lived 
macroalgae. They found that rapidly growing, short-lived algae were characteristic of 
unstable environments, whereas slower growing, long-lived algae were characteristic 
of stable environments. Since then, different studies have been carried out to test their 
prediction and the allocation pattern in seaweeds with different life histories. Reed et. 
al (1996) discovered the different reproductive responses and resource allocation 
pattern in two kelps, the short-lived Macrocystis pyrifera and the long-lived 
Pterygophyra californica in California. They found that the former species 
reproduced continuously throughout the year, even during times of minimal chance of 
reproductive success, when compared to the latter species that released spores only 
during period when conditions were most favorable for the recruitment of juvenile 
plants. Three species of Sargassum in the Gulf of California, each displaying different 
growth and reproductive peaks, were found to adopt different allocation strategy to 
their holdfast and receptacles (McCourt 1984). Some of them were observed to 
allocate more resources in reproduction by reproducing twice a year, whereas some 
allocated more resources on the maintenance of holdfast to secure growth and 
survival. 
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Since species with different life histories respond differently to environmental 
changes, other than comparing between species, manipulative experiments can be 
applied in the study of optimal allocation in macroalgae so that the possible effects of 
environmental changes, existence of any trade-off between growth and reproduction 
or strategy adopted in maximizing fitness and reproductive output in a particular 
species can be tested directly. For kelps, nutrient addition experiment had been 
performed to study the response of Hedophylum sessile to different allocation patterns 
(Pfister and Alstyne 2003). Manipulative experiments have also been performed to 
study the effect of vegetative frond removal on the growth and reproduction of 
Laminaria longicruris (Chapman and Craigie 1978) and Macrocystis pyrifera (Reed 
1987). The effect of both reproductive sporophyll and vegetative frond removal on 
Alaria nana (Pfister 1991, 1992) and Fucus distichus (Ang 1992) were also tested. 
These studies demonstrated that species-specific optimal allocation pattern and 
compensatory responses to the environment were adopted in these algae. 
Sargassum is another large group of brown algae but information on how it allocates 
its resource is limited. This is possibly because of its more elaborate plant 
morphology and its less developed translocation system when compared with kelps, 
making manipulation on the plants more difficult. Nevertheless, nutrient enrichment 
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experiment on S. baccularia in the Great Barrier Reef (Schaffelke and Klumpp 1998)， 
reproduction biomass comparison between different species of Sargassum in the Gulf 
of California (McCourt 1985)，regeneration studies on S. siliquosum and S. 
paniculatum in the Philippines (Ang 1985b) have been performed. 
All Sargassum species to date are known to exhibit a typical pseudo-perennial life 
history pattern characterized by having a slow growth phase, a fast growth phase that 
cumulates in the peak plant size, followed by the reproductive phase, senescence and 
die back. A perennial holdfast persists and new shoots emerge from this perennial 
holdfast to become lateral branches of the next annual cycle of growth. To better 
understand the resource allocation pattern in different life history phases of 
Sargassum, manipulative experiments were carried out on S. siliquastrum, one of the 
most dominant Sargassum species in Hong Kong. These experiments involved 
trimming of lateral branches of separate S. siliquastrum individuals down to 15cm in 
length or to its main axis and holdfast at two different periods in a year, one before the 
active growing period, and the second before the reproductive period. It is assumed 
that any energy resources for growth and reproduction in a Sargassum plant would 
have been derived from its photosynthetic biomass. By removing part of this biomass, 
the aim of this manipulation was to reduce the resources available from the 
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photosynthetic biomass to growth, and subsequently to reproduction. The effect of 
reduced resources on the survival, growth and reproductive performances of these 
treatment plants was then evaluated with respect to the unmanipulated control plants. 
Two hypotheses were tested. First, reduction in resources should lead to a reduction in 
growth, and subsequently in reproduction. Furthermore, there is a cost in reproduction. 
Plants that do not become reproductive should survive longer than the reproductive 
plants. Second, holdfast serves as a reservoir for reserved resources, such that even if 
all lateral branches are removed, new shoots could still be formed from the holdfast. 
Experiments were carried out in 2004 and again in 2005 to assess for any interannual 
variation in plant responses. In addition, mannitol, a known photosynthate, was 
measured as a currency to address the question of change in the reserve materials in 
the holdfast, or in other parts of the experimental or control individuals over time as a 
result of the treatment, and how this change could elucidate the role of the holdfast as 
the perennating component of the Sargassum plant. 
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4.2 Materials and Methods 
4.2.1 Effect of Reduced Resources on Growth of Sargassum siliquastrum 
This experimental manipulation involved trimming the vegetative biomass of 
Sargassum siliquastrum. Since the population of this species exhibited an active 
growing phase at around September in TPCMP (see Chapter 2, also Chan 2002, Ang 
2006), manipulations for this experiment were therefore carried out in August 2004 
(CI) and 2005 (C3) just before its active growth period. About 160 individuals of S. 
siliquastrum, each with holdfast diameter larger than 2cm, were chosen and tagged at 
their holdfast with labeled cable-ties. After recording the initial length, number of 
main axes and number of size class 1 (1 to 3cm) and size class 2 (>3 to 5cm) new 
shoots, the selected individuals were separated into two groups for different 
manipulation. In the first group of 80 individuals, their vegetative shoots were 
trimmed down to 15cm (i.e. 15cm treatment) long and, for the second group of 
another 80 tagged individuals, all the vegetative shoots were removed leaving only 
the primary axes and the holdfast (i.e. holdfast treatment). Another 30 Sargassum 
siliquastrum individuals were tagged as control without any treatment. It was 
anticipated that the treatment individuals would suffer a greater rate of attrition and 
Chapter 4 Effect of Reduced Resources on Growth or Reproduction of Sargassum siliquastrum 13 8 
loss, hence the initial number of the treatment and control plants was different. 
Monthly monitoring was carried out subsequently in situ until all the tagged plants 
were lost or died. For the control and 15cm treatment plants, the length, number of 
main axes, number of new shoots and the reproductive status of each individual were 
recorded. For the holdfast treatment plants, all the above parameters were also 
monitored except the number of main axes because these axes were found to decay or 
fused with the holdfast after the treatment and cannot be identified easily. In each 
month, the number of tagged control, 15cm and holdfast treatment plants left in the 
experimental plot was recorded for the calculation of survival rate. Since the position 
of the tagged individuals in the Sargassum bed was mapped at the beginning of the 
experiment, any loss or death of tagged plants can be identified. The number of 
holdfast treatment plants that regenerated new shoots was also recorded for the 
calculation of percentage regeneration using the following equation: 
Number of holdfast treatment plants showing new shoots regeneration 
x 100% 
Number of holdfast treatment plants found in the study site 
4.2.2 Effect of Reduced Resources on Reproduction of Sargassum siliquastrum 
Annual reproductive period of Sargassum siliquastrum started in December (see 
Chapter 4 Effect of Reduced Resources on Growth or Reproduction of Sargassum siliquastrum 13 8 
Chapter 2，also Chan 2002, Ang 2006), manipulations for this experiment were 
therefore performed in November 2004 (C2) and 2005 (C4) to evaluate of effect of 
reduced resources on their reproductive success. Another 160 individuals of S. 
siliquastrum were tagged and trimmed as described in Section 4.2.1., and another 30 
control plants were also tagged. Monthly monitoring and calculation was performed 
as described in Section 4.2.1 on the control, 15cm and holdfast treatment plants until 
all the tagged plants died or were lost. 
4.2.3 Mannitol Content and Reproductive Effort of Treatment Plants of Sargassum 
siliquastrum 
Five treatment plants from the manipulative experiments described above (i.e. 15cm 
and holdfast treatment) were collected in the first month after treatment and then once 
every two months thereafter for the analysis of their mannitol content. The treatment 
plants collected were brought back to the laboratory; sediment and epiphytes were 
thoroughly washed or removed using fresh water. For the 15cm treatment plants, the 
length of each individual collected was measured from the base of the holdfast to the 
tip of the longest branch. Each individual was separated into holdfast and blades. The 
vegetative blades were further divided into three equal parts according to their length 
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(i.e. basal, middle and top blade regions, see Chapter 3). All the receptacles, if present, 
were separated from the reproductive treatment plants (January for CI and C3 plants 
and February for C2 and C4 plants) for the calculation of their corresponding 
reproductive effort. This was then used to compare with the mean reproductive effort 
in individuals collected in the corresponding months during the general monthly 
survey described in Chapter 2, Section 2.2.3. However, receptacles isolated from all 
treatment plants were less than the minimum weight of 0.20 g needed for a single 
mannitol analysis. Therefore, the mannitol content of receptacles in the treatment 
plants could not be analyzed. On the other hand, during peak reproductive months of 
the treatment plants (i.e. January for CI and C3 plants, February for C2 and C4 
plants), the mannitol content of three reproductive and three non-reproductive 15cm 
treatment plants was analyzed. For the holdfast treatment plants, only the mannitol 
content in the holdfast was analyzed because the dry mass of the vegetative shoots 
was insufficient for mannitol analysis. Different portions of the treatment plants were 
dried as described in Chapter 2, Section 2.2.3 and mannitol was extracted and 
determined using the methods described in Chapter 3, Sections 3.2.2 and 3.2.3 
respectively. Since the tagged control plants were not and cannot be collected, data on 
mannitol content of the five individuals used in the monthly survey of S. siliquastrum 
(Chapter 3) were used for comparison with the mannitol contents of the treatment 
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plants. 
4.2.4 Statistical Analysis 
All statistical analyses were performed using SPSS 13.0 for Windows (SPSS Inc.) and 
the significance level set at = 0.05. Methods for verifying the normality or equality 
of data variance, criteria for transformation, or for using the non-parametric tests were 
the same as those described in Chapter 2, Section 2.2.5. 
One-way ANOVA or non-parametric Kruskal-Wallis test was used to compare the 
change in mean length, number of main axes, number of new shoots and mean 
mannitol content in different parts of the control or treatment plants over the study 
period. Two-way ANOVA or non-parametric Friedman Test was used to compare the 
difference in these same parameters between control and different treatment plants 
over time. Mann-Whitney U Test was used to evaluate the difference in any of these 
parameters between the two groups if attempts at data transformation were 
unsuccessful in satisfying the assumptions of parametric Student NTest. 
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4.3 Results 
4.3.1 Responses of Treatment Plants of Sargassum siliquastrum Trimmed before 
Active Growth Period 
4.3.1.1 Growth of the Control and Treatment Plants 
The initial length of all plants tagged in August 2004 (CI individuals) was around 60 
cm in August 2004 (Figure 4.1). After the removal of all vegetative shoots, the 
holdfast treatment plants did not grow in length throughout the monitoring period 
until the last of the plants died in March 2005. In contrast, the 15cm treatment plants 
grew to 22.65 士 6.10 cm in September 2004. The mean (士 SD) length of these 15cm 
treatment plants increased from September 2004 and reached a maximum of 72.76 士 
44.11 cm in December 2004 and remained stable until February 2005. The mean 
length of 15cm treatment plants dropped from 69.05 士 42.13 cm in February to a 
minimum of 19.7 ± 7.18 cm in May 2005. After this, these plants gradually increased 
in length to 46.50 士 21.00 cm in September 2005. The monitoring ended after the 
death or lost of the last of the 15cm treatment plants in October 2005. For the CI 
control plants, they also displayed an increasing trend from being 54.83 士 16.23 cm in 
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length in September 2004 to the peak of 180.50 士 24.89 cm in December 2004. After 
a slight drop in January 2005, another peak of 178.00 士 48.26cm was reached in 
February 2005 before dropping to the minimum of 36.50 士 14.16 cm in May 2005. 
The mean length of the control plants increased gradually from May 2005 to 
September 2005 (67.00 士 32.53 cm) before the monitoring ended in October 2005. 
Results of the statistical analysis showed that the mean lengths between control and 
15cm treatment plants, control and holdfast treatment plants and between 15cm 
treatment and holdfast treatment plants were all significantly different over time 
(Table 4.1). 
The monthly variations in the mean length of control, 15cm treatment and holdfast 
treatment plants trimmed in August 2005 (C3 individuals) showed a slightly different 
pattern (Figure 4.2). The initial mean length of all C3 tagged plants was around 50 cm 
and after trimming in August 2005, the mean (士 SD) length of the holdfast treatment 
plants increased from < 1 cm in September and October 2005 to the maximum of 5.80 
士 4.44 cm in April 2006. The mean length of the 15cm treatment plants increased to 
around 25 士 5.93 cm from September to November 2005 after the treatment in August 
2005. Their mean length further increased and reached the peak of 51.65 士 20.46 cm 
in January 2006. Gradual decrease in their mean length was observed from January to 
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May 2006, when a mean length of 13.11 士 5.83 cm was recorded at the end of the 
study period in May 2006. The mean length of the C3 control plants fluctuated 
between 55 and 60 cm from September to November 2005 before they reached the 
peak of 95.57 士 21.01 in December 2005. After reaching their maximum, the mean 
length of the control plants decreased gradually to 15.17 土 8.33 cm in May 2006. 
Statistically significant differences were detected in changes in the mean length 
between control, 15cm and holdfast treatment plants over time (Table 4.2). 
The mean (士 SD) number of main axes in the C1 control plants increased from the 
minimum of 2.20 士 0.92 main axes in November 2004 to the peak of 3.22 士 1.09 main 
axes in February 2005 (Figure 4.3). After some fluctuation between March and May 
2005, another maximum of 3.40 士 1.52 main axes was recorded in June and July 2005. 
The mean number of main axes dropped to 2.50 士 2.12 in September 2005 before the 
termination of monitoring in October 2005. A similar trend was also observed for the 
CI 15cm treatment plants, when a peak of 3.05 士 0.84 main axes was recorded in 
February 2005 after the minimum in November 2004 (2.47 士 0.66 main axes). 
Another peak of 3.20 ± 1.14 main axes was reached in June 2005 before dropping to 
the minimum of 2.00 士 0.82 main axes in September 2005. Number of main axes in 
the holdfast treatment plants was not monitored as these axes were found to decay or 
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fused with the holdfast after the treatment, thus cannot be identified or counted easily. 
Figure 4.4 shows the monthly changes in the mean number of main axes in C3 control 
and 15cm treatment plants. After the treatment in August 2005, the number of main 
axes in the 15cm treatment plants fluctuated but increased between September and 
December 2005. This number decreased from the peak in December 2005 (2.90 士 
0.99 main axes) to the minimum in April 2006 (1.95 士 0.91 main axes). For the C3 
control plants, a similar increasing trend was observed between August 2005 and 
December 2006 and the peak of 2.69 士 0.79 main axes was recorded in January 2006. 
This peak was slightly lower than that of the 15cm treatment plants. A minimum of 
2.06 士 0.68 main axes was recorded in the control plants in April 2006 before this 
number increased to 2.48 士 0.80 main axes at the end of the study period in May 2006. 
Results of Friedman test showed that monthly changes in the number of main axes of 
CI control and 15cm treatment plants, as well as between C3 control and their 
corresponding 15cm treatment plants, were statistically not significantly different 
from each other over time (df = \,p > 0.05). 
Statistically significant differences were detected in changes in the number of size 
class 1 (1-3 cm) new shoots that emerged from the CI control, 15cm treatment and 
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holdfast treatment plants over time (Table 4.3). The mean (± SD) number of size class 
1 new shoots from the control plants fluctuated but increased from August 2004 to 
February 2005 (Figure 4.5), when the maximum of 10.11 士 4.81 new shoots was 
recorded. This number dropped subsequently to the minimum in April 2005 (3.67 士 
1.86 new shoots). A small peak of 5.25 士 1.98 new shoots was observed in May 2005 
before this number reached another minimum in June 2005. The number of size class 
1 new shoots increased again from 3.40 士 2.30 new shoots in June 2005 to 13.00 士 
7.07 new shoots in September 2005. For 15cm treatment plants, this number showed a 
very similar trend as the control plants, but a lower peak of 8.27 士 3.78 new shoots 
was observed in February 2004 when compared with that in the control plants. 
In-between the minimum of 3.30 士 3.20 new shoots in April 2005 and 2.80 士 1.69 
new shoots in June 2005, another small peak of 6.00 士 3.89 new shoots was also 
recorded in May 2005. Before the end of the monitoring period, the number of size 
class 1 new shoots increased from June 2005 to September 2005, with an average of 
9.25 士 7.54 new shoots recorded. Holdfast treatment plants showed the lowest mean 
number of size class 1 new shoots. A maximum of only 0.60 士 1.30 new shoots was 
recorded in December 2004. This number dropped to zero in January and March 2005 
before the end of the monitoring. 
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Figure 4.6 shows changes in the mean number of size class 1 new shoots that 
developed over time from plants tagged in August 2005 (C3 individuals). Results of 
the Friedman Test showed that there were significant differences in the mean number 
of size class 1 new shoots between the controls and the two treatments and also 
between the 15cm and holdfast treatment plants (Table 4.4). For the C3 control plants, 
the mean (士 SD) number of size class 1 new shoots decreased from 5.97 士 4.25 in 
August 2005 to the minimum of 3.21 士 2.55 new shoots in November 2005 before 
attaining the peak of 5.31 士 3.14 new shoots in January 2006 (Figure 4.5). The lowest 
mean of 2.31 士 2.06 new shoots was recorded in April 2006 after the peak in January 
2006. For the 15cm treatment plants, the trend was very similar to that of the controls 
but a higher number of new shoots was recorded in the 15cm treatment plants than in 
the controls. After decreasing from August 2005 to the minimum in November 2005 
(3.77 士 2.56 new shoots), a peak of 6.56 ±3.18 new shoots was recorded in the 15cm 
treatment plants in January 2006. This number remained high in February 2006 (5.45 
士 3.27 new shoots) when compared with that of the controls (2.94 士 1.39 new shoots) 
but dropped to 2.50 士 1.96 new shoots in March 2006. This number increased again 
between April and May 2006 and 4.89 士 2.71 new shoots were recorded at the end of 
the monitoring period. After the removal of all vegetative shoots in August 2005，only 
1.11 士 1.42 new shoots were recorded to have emerged in September 2005 in the 
Chapter 4 Effect of Reduced Resources on Growth or Reproduction of Sargassum siliquastrum 13 8 
holdfast treatment plants. In October 2005, a peak of 4.98 士 12.77 new shoots was 
found. After that this number dropped to 0.62 士 1.06 new shoots in December 2005 
and remained low until the end of the monitoring period. A minimum of 0.18 士 0.53 
new shoots was recorded in March 2006 for the holdfast treatment plants. 
Seasonal variation in the mean number of size class 2 (>3-5 cm) new shoots in the CI 
control, 15cm treatment and holdfast treatment plants is shown in Figure 4.7. Table 
4.5 shows the results of the Friedman Test where significant differences were detected 
in the mean number of size class 2 new shoots between the holdfast treatment and 
control and also between holdfast treatment and 15cm treatment plants. However, no 
significant difference was found in the mean number of size class 2 new shoots 
between the control and the 15cm treatment plants over time (Friedman Test, p > 0.05) 
(Table 4.5). After being trimmed down to 15cm, the mean (± SD) number of size class 
2 new shoots in 15cm treatment plants dropped to 1.31 士 1.29 in September 2004 
(Figure 4.7). This number remained around 1.5 new shoots during October 2004 to 
January 2005, after which the maximum of 2.46 士 1.60 new shoots was reached in 
February 2005. The mean number of size class 2 new shoots then decreased 
progressively to the minimum of 0.25 ± 0.50 in September 2005. The mean number of 
size class 2 new shoots in the control plants was higher than that in the 15cm 
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treatment plants throughout the monitoring period and their pattern of variation over 
time was also similar. After being tagged in August 2004, the mean number of size 
class 2 new shoots in the control plants decreased to 1.31 士 1.29 in September 2004. 
The peak was also attained in February 2005 (3.78 士 4.27 new shoots) and this 
number then decreased to 1.25 士 1.26 new shoots in August 2005. This number 
increased again to reach 3.50 士 2.12 new shoots in September 2005 before the end of 
the monitoring period. After removal of all the erect shoots in the holdfast treatment 
plants, no size class 2 new shoots were subsequently recorded in these plants 
throughout the monitoring period. 
For C3 tagged plants, i.e. individual plants tagged before the active growth season in 
2005, the monthly variation in the mean number of their size class 2 new shoots was 
statistically significantly different over time except between the control and the 15cm 
treatment plants (Table 4.5). The mean (士 SD) number of size class 2 new shoots in 
the C3 control plants increased from 0.90 士 1.00 new shoots in August 2005 to 2.11 士 
1.20 new shoots in November 2005 (Figure 4.8). Another peak of 2.13 士 1.02 was 
observed in January 2006 and the maximum mean number was attained in March 
2006 (2.31 士 1.54 new shoots). The mean number of size class 2 new shoots dropped 
to 0.83 士 3.21 new shoots at the end of the monitoring in May 2006. The 15cm 
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treatment plants showed a higher mean number of size class 2 new shoots throughout 
the study period. After trimming the vegetative shoots down to 15cm, the number of 
size class 2 new shoots increased from August 2005 (1.59 士 1.37 new shoots) to 2.83 
士 1.69 new shoots in December 2005. The number of size class 2 new shoots 
remained stable between December 2005 and February 2006, followed by a gradual 
decrease to 1.44 士 1.52 new shoots in May 2006. The mean number of size class 2 
new shoots in the holdfast treatment plants remained low after the treatment in August 
2005. In September 2005, only 0.08 ± 0.51 new shoot was recorded and this number 
remained low until March 2006, when the peak of 1.00 士 1.41 new shoots was 
recorded. The mean number of size class 2 new shoots decreased down to 0.10 士 0.32 
new shoot again in April 2006. 
Only 5.36% of the CI holdfast treatment plants regenerated new shoots in September 
2004 (Figure 4.9). Thereafter, from October 2004 on until the end of the monitoring 
period in April 2005, none of the surviving holdfast treatment plants regenerated any 
new shoots. On the other hand, in September 2005, 52.0% of the C3 holdfast 
treatment plants regenerated new shoots. The number then fluctuated. In October 
2004，61.1% of the C3 holdfast treatment plants regenerated new shoots and the 
lowest percentage of 11.76% of the number of regenerating plants was recorded in 
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March 2005. Only around 20% of the holdfast treatment plants still survived in April 
2005 and 50% of them regenerated new shoots. At the end of the monitoring period in 
May 2005, only around 2% of the holdfast treatment plants existed and all of them 
possessed newly formed shoots since being trimmed. 
4.3.1.2 Reproduction of the Control and Treatment Plants 
None of the holdfast treatment plants became reproductive throughout the whole 
monitoring period (Figure 4.11). For the tagged CI control plants, 7.14% of them 
became reproductive in October 2004 and between December 2004 and February 
2005, all of them were reproductive. This percentage dropped to only 30.00% in 
March 2005 and none of them was reproductive in April 2005. The 15cm treatment 
plants started to become reproductive in December 2004 (20.59%). In February 2005， 
a maximum of 72.72% of them were reproductive. This percentage dropped to zero in 
March 2005. Results of Friedman Test indicated that the percentage of reproductive 
individuals between the control and 15cm treatment plants was significantly different 
over time (df = \,p < 0.05). 
Among the C3 individuals, again none of the holdfast treatment plants became 
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reproductive during the monitoring period (Figure 4.12). After being trimmed down to 
15cm in August 2005, 3.45% of the 15cm treatment plants became reproductive in 
December 2005 and a peak of 56.60% was recorded in February 2006. Only 4.17% of 
the 15cm treatment plants were reproductive in March 2006 and in April 2006, no 
reproductive 15cm treatment plants was found. For the tagged control plants, 42.86% 
of them became reproductive in December 2005 and all of them became reproductive 
in January 2006. In February 2006, this number dropped to 87.50% and none of these 
plants were reproductive in March 2006. Friedman Test was performed and showed 
that changes in the percentage of reproductive individuals of the control and 15cm 
treatment plants over time were not significantly different (df = l , p > 0.05). 
The reproductive effort of CI 15cm treatment plants was found to be 3.71 士 3.86% in 
January 2005 (Figure 4.13), compared to 14.73 土 5.46% in the control plants 
(collected in January 2005, see Chapter 2, Figure 2.10). The difference was 
statistically significant (Student Mest, p < 0.05). The reproductive effort of C3 15cm 
treatment plants was 2.44 士 2.52% in January 2006, compared to 3.47 士 1.19% of the 
control plants, but the difference was not statistically significant (Student /-Test, p > 
0.05). 
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4.3.1.3 Survival of the Control and Treatment Plants 
The survival of the control plants tagged in August 2004 decreased from 100% to 
45.45% between November 2004 and February 2005 (Figure 4.14). From February 
2005 onwards, the survival of the control plants decreased gradually until the last of 
the control plants died in November 2005. Around 20% of the tagged 15cm treatment 
plants died after treatment in August 2004 and in October 2004, around 65% of the 
tagged plants still survived. Between December 2004 and February 2005, around 50% 
of these plants remained and between April and August 2005, only 20% of them 
survived. All of the remaining plants eventually died in November 2005. For the 
holdfast treatment plants, 70% of them were still found in October 2004, but this 
percentage drastically dropped to 34.28% in November 2004. None of them survived 
till April 2005. Changes in the percentage survival of control plants and plants subject 
to different treatments were found not to be significantly different from each other 
over time (Table 4.7). 
The 15cm treatment plants survived best among the plants tagged in August 2005 
(Figure 4.15), and their survival rate was significantly higher than those in the control 
and holdfast treatment plants (Table 4.8). More than 80% of them survived after the 
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trimming in August 2005 until March 2006 (Figure 4.15). Around 50% of the tagged 
15cm treatment plants were still found in May 2006 but they all died in June 2006, 
due to the occurrence of a severe typhoon Chan Chu in May 2006 (HKO Warnings 
and Signals Database, Hong Kong Observatory). For the control plants, the survival 
rate remained stable after dropping from 100% to around 50% between October 2005 
and April 2006. Only 20% of the control plants remained alive in May 2006 and in 
June 2006, no tagged C3 control plant was found in the study site. After a large drop 
from 94.94% in September 2005 to around 60% in October 2005, the percentage 
survival of the holdfast treatment plants decreased gradually from October 2005 to 
around 20% in April 2006. Only one holdfast treatment plant remained alive in May 
2006, which accounted for a 2% survival rate. 
The CI control and 15cm treatment plants became reproductive in different months 
within the monitoring period and their corresponding survival rate is shown in Figure 
4.16. Significant difference in survival rate was detected between the control plants 
that became reproductive in December 2004 and 15cm treatment plants that 
reproduced in January 2005 (Table 4.9). Control plants that became reproductive in 
December 2004 showed the highest survival rate when compared with the 15cm 
treatment plants (Figure 4.16). Non-reproductive 15cm treatment plants showed 
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similar percentage of survival with other reproductive 15cm treatment plants. In 
general, the 15cm treatment plants that became reproductive in January 2005 showed 
the lowest survival rate throughout the monitoring period. 
In comparison, the survival rate of C3 control plants that became reproductive in 
December 2005 was significantly different from that of the non-reproductive 15cm 
treatment plants (Table 4.10). Control and 15cm treatment plants that reproduced in 
December 2005 showed the highest survival rate (Figure 4.17), which was higher than 
80% throughout the monitoring period. On the other hand, the non-reproductive 15cm 
treatment plants showed the lowest percentage of survival during the monitoring 
period and only 25% of them were found in May 2006 before all the tagged plants 
died in June 2006. For other control and 15cm treatment plants, around 50% of the 
tagged plants were found in May 2006 before they were destroyed by the typhoon in 
the same month. 
4.3.1.4 Mannitol Content of the Treatment Plants 
The bimonthly variations in mean mannitol content in different parts of the control, 
CI 15cm treatment and holdfast treatment plants (Figure 4.18) indicated that nearly 
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all of them were significantly different from each other, except the mannitol content 
between the top blade region of the control and 15cm treatment plants (Table 4.11). 
The mannitol content in the holdfast of the control plants was the highest, with the 
maximum of 1.76 士 0.47 g mannitol/ lOOg dry seaweed in November 2004 (Fig 
4.18a). For the 15cm treatment plants, the mannitol content increased from September 
2004 to the maximum of 1.21 士 0.20 g mannitol/ lOOg dry seaweed in November 
2004, followed by a drop to 0.39 ± 0.17 g mannitol/ lOOg dry seaweed in March 2005. 
Mannitol content in the holdfast of the holdfast treatment plants was the lowest, 
around 0.85 g mannitol/ lOOg dry seaweed between September 2004 and January 
2005. This figure dropped to 0.58 士 0.27 g mannitol/ lOOg dry seaweed in March 
2005. In the basal blade region of the control plants, a maximum of 5.26 士 2.56 g 
mannitol/ lOOg dry seaweed was obtained in September 2004 before dropping to 
around 0.95 g mannitol/ lOOg dry seaweed during January and March 2005 (Figure 
4.18b). Compared with the control plants, the mannitol content in the basal blade 
region of the 15cm treatment plants was significantly lower (Table 4.11), where the 
mannitol content dropped from the peak of 1.77 士 0.88 g mannitol/ lOOg dry seaweed 
in September 2004 to the minimum of 0.36 士 0.07 g mannitol/ lOOg dry seaweed in 
March 2005 (Figure 4.18b). Mannitol content in the middle blade region of the 
control plants was also significantly higher than that in the 15cm treatment plants 
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(Table 4.11). In September 2004, a maximum of 2.55 ± 1.28 g mannitol/ lOOg dry 
seaweed and 1.30 士 0.41 g mannitol/ lOOg dry seaweed were found in the middle 
blade region of the control and 15cm treatment plants respectively (Figure 4.18c). At 
the end of the monitoring period in March 2005, only 0.36 土 0.06 g mannitol/ lOOg 
dry seaweed was obtained in the middle blade region of the 15cm treatment plants, 
compared with 0.84 士 0.03 g mannitol/ lOOg dry seaweed in the control plants. In the 
top blade region, the mannitol content of the 15cm treatment plants decreased from 
1.05 士 0.25 g mannitol/ lOOg dry seaweed in September 2004 to 0.40 士 0.09 g 
mannitol/ lOOg dry seaweed in March 2005 (Figure 4.18d). On the other hand, 
mannitol content in the top blade region of the control plants fluctuated during the 
monitoring period and non-significant difference was detected between the control 
and the 15cm treatment plants (Table 4.11). 
Figure 4.19 shows the bimonthly variation of mannitol content in various parts of the 
control and C3 15cm treatment plants but none of the difference between groups of 
comparison was statistically significant (Table 4.12). Mannitol content in the control 
plants fluctuated throughout the monitoring period with the peak of 2.25 士 1.74 g 
mannitol/ lOOg dry seaweed recorded in January 2006 (Figure 4.19a). For the 15cm 
treatment plants, the peak in holdfast mannitol content was found in November 2005 
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(4.57 士 2.64 g mannitol/ lOOg dry seaweed) and this decreased progressively to 0.77 士 
0.40 g mannitol/ lOOg dry seaweed in May 2006. Holdfast mannitol content in the 
holdfast treatment plants was the lowest, fluctuating around 1 g mannitol/ lOOg dry 
seaweed throughout the study period. The variations in the mannitol content of the 
vegetative blades (basal, middle and top blade regions) in the control and 15cm 
treatment plants were nearly identical (Figure 4.19 b, c, d), where a drop in mannitol 
content was observed from September to November 2005 and this increased again in 
January 2006. 
The mannitol contents between reproductive and non-reproductive 15cm treatment 
plants were statistically not significantly different from each other (Figure 4.20a). 
Higher mannitol content was recorded in the reproductive control plants when 
compared with that of the reproductive 15cm treatment plants (Figure 4.20b). 
Significant differences in their mannitol content were detected between their holdfast 
and top blade regions (Student /-Test, p < 0.05 for both). In the holdfast of 
reproductive control plants, 1.78 士 0.20 g mannitol/ lOOg dry seaweed were recorded, 
compared to 0.98 ± 0.18 g mannitol/ lOOg dry seaweed in the holdfast of reproductive 
15cm treatment plants. In the top blade region of the reproductive control plants, 1.59 
士 0.38 g mannitol/ lOOg dry seaweed were recorded and only 0.95 士 0.08 g mannitol/ 
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lOOg dry seaweed was found in the same part of the reproductive 15cm treatment 
plants. The mannitol content between the non-reproductive control and 
non-reproductive 15cm treatment plants was not significantly different (Figure 4.16c). 
The mannitol content in various parts (holdfast, basal, middle and top blade regions) 
of the C3 reproductive and non-reproductive 15cm treatment plants was not 
significantly different from each other (Figure 4.21a). Similar to the CI plants, the 
reproductive C3 control plants showed a higher mannitol content in all their parts 
when compared with the reproductive C3 15cm treatment plants (Figure 4.21b). This 
difference, however, was not statistically significant (Student Mest, p > 0.05). 
Comparing the non-reproductive control and 15cm treatment plants, significant 
difference was only detected between their holdfast mannitol content (Student Mest, 
p < 0.05)，where 3.10 士 0.43 g mannitol/ lOOg dry seaweed were found in the holdfast 
of the non-reproductive control compared to 0.92 士 0.30 g mannitol/ lOOg dry 
seaweed in the non-reproductive 15cm treatment plants (Figure 4.21c). 
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4.3.2 Responses of Treatment Plants of Sargassum siliquastrum Trimmed before 
Reproductive Period 
4.3.2.1 Growth of the Control and Treatment Plants 
Plants tagged and trimmed in November 2004 just before the reproductive period 
were designated as C2 plants. Figure 4.22 shows the monthly change in the mean 
length of the C2 control, 15cm and holdfast treatment plants. Results of the statistical 
analysis showed that changes in the mean length between control and 15cm treatment 
plants，control and holdfast treatment plants, and also between 15cm treatment and 
holdfast treatment plants were statistically significantly different (Table 4.13). In 
November 2004，the initial mean (± SD) length of the tagged plants ranged between 
80 cm and 100 cm and for the control plants, the mean length increased from 101.63 士 
19.45 cm in November 2004 to the peak of 167.58 士 58.89 cm in January 2005 
(Figure 4.22). The mean length remained at around 160 cm in February 2005 before 
the drastic drop to the minimum of 29.46 士 7.00 cm in May 2005. Starting from June 
2005, the mean length of the C2 control plants gradually increased to 63.82 士 9.17 cm 
in September 2005 before the end of the monitoring in October 2005. For the 15cm 
treatment plants, after the trimming in November 2004，their length remained at 
Chapter 4 Effect of Reduced Resources on Growth or Reproduction of Sargassum siliquastrum 13 8 
around 25 cm between December 2004 and May 2005. Increase in mean length of the 
C2 15cm treatment plants was observed from May 2005 (20.02 士 7.00 cm) to the peak 
of 46.86 士 18.62 cm in September 2005. No growth in length was recorded in the 
holdfast treatment plants after removal of all their vegetative shoots in November 
2004. The holdfast treatment plants started to gain in length from < 1 cm in May 2005 
to 6.36 士 6.21 cm in June 2005 and this decreased to 3.00 士 4.24 cm in August 2005. 
The monthly variation in the mean length of the control, 15cm and holdfast treatment 
plants trimmed in November 2005 (C4 plants) (Figure 4.23) showed significant 
difference in changes in their mean length over time (Table 4.14). In November 2005, 
the mean (士 SD) length of all tagged plants was between 55 cm to 75 cm (Figure 
4.23). The mean length of the control plants increased from 76.2 士 8.75 cm in 
November 2005 to the maximum of 88.70 士 22.50 cm in January 2006. A drastic drop 
in mean length occurred in the control plants from February 2006 (82.15 士 22.64 cm) 
to April 2006，when a minimum of 13.50 土 5.39 cm was recorded. The mean length of 
the C4 15cm treatment plants showed similar pattern as the C2 15cm treatment plants, 
where their mean length was maintained at around 20 cm to 25 cm from December 
2005 to March 2006. Starting from March 2006, the mean length of the C4 15cm 
treatment plants dropped and reached a minimum of 10.00 士 4.24 cm in May 2006. 
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The holdfast treatment plants did not increase in length after trimming but increase in 
length was recorded from February 2006 (5.87 士 3.85 cm) to April 2006 when the 
peak of 8.82 士 4.14 cm was observed. A slight drop to 8.75 士 2.43 cm was recorded at 
the end of the monitoring period in May 2006. 
The mean (士 SD) number of main axes of the C2 control plants increased from 2.13 士 
0.82 main axes in November 2004 to 2.85 士 0.88 main axes in January 2005 and then 
decreased to around 2.5 main axes between February and May 2005. A maximum of 
3.35 士 0.78 main axes was recorded in June 2005, followed by a decrease to 2.27 土 
0.98 main axes in September 2005. For the 15cm treatment plants, the number of 
main axes gradually increased from December 2004 (2.45 士 0.68 main axes) to April 
2005, when the maximum of 2.95 士 0.97 main axes was recorded. After this 
maximum, the number decreased to 2.29 士 0.34 main axes in September 2005. In the 
last month of the monitoring (October 2005), a mean of 3.00 士 1.26 main axes was 
recorded in the C2 15cm treatment plants. Results of the Friedman Test showed that 
the number of main axes among different groups of tagged plants was not 
significantly different from each other over time {p > 0.05). 
Variation in the mean number of main axes in the control, 15cm and holdfast 
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treatment plants trimmed in November 2005 (C4 plants) followed a relatively similar 
pattern (Figure 4.25) as the C2 plants. The control plants had a mean (± SD) of 1.50 士 
0.61 main axes in November 2005. An increasing trend was recorded in the 
subsequent two months, with a maximum of 2.70 土 0.66 main axes obtained in 
January 2006. This number then dropped to 2.10 士 0.64 main axes in April 2006. For 
the C4 15cm treatment plants, a similar increasing trend was also recorded after 
November 2005 and a peak of 2.43 士 0.55 main axes was recorded in January 2006. 
This number dropped to around 2.2 main axes in February and March 2006 and then 
increased again to 2.37 士 0.73 main axes in April 2006. Results of Friedman Test, 
however, indicated that the variation in the number of main axes among different 
tagged plants over time was not statistically significantly different from each other (p 
> 0.05). 
The monthly change in the mean number of size class 1 (1-3 cm) new shoots in the 
C2 control, 15cm treatment and holdfast treatment plants (Figure 4.26) differed 
significantly from one another over time (Table 4.15). The mean (士 SD) number of 
size class 1 new shoots remained at around 5.5 between November 2004 and January 
2005 before reaching the maximum of 7.04 士 4.06 new shoots in February 2005. A 
drop occurred in March 2005 (3.21 士 2.55 new shoots) but a small peak of 4.33 ±3.19 
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new shoots was recorded in April 2005. The mean number of size class 1 new shoots 
then dropped to the minimum of 2.17 士 1.07 in June 2005 and an increasing trend was 
observed again thereafter with 9.63 士 6.14 new shoots recorded at the end of the 
monitoring period in October 2005. For the C2 15cm treatment plants, a drop in the 
number of size class 1 new shoots occurred in January 2005 (5.34 士 3.15 new shoots) 
before this number rose again to 6.81 士 3.92 new shoots in February 2005. A small 
peak of 5.40 士 2.95 new shoots was recorded in May 2005, between the two minima 
in April (3.75 士 3.08 new shoots) and June 2006 (2.76 士 1.76 new shoots). From June 
2005 onwards, the number of size class 1 new shoots increased and 7.33 士 4.50 new 
shoots were recorded in October 2005. The holdfast treatment plants showed the 
lowest number of size class 1 new shoots when compared with the control and 15cm 
treatment plants. After the trimming in November 2004, the number of size class 1 
new shoots gradually increased from the minimum of 0.22 士 1.04 in December 2004 
to about 1 new shoot in May 2005. From May 2005 onward, a sharper increase was 
observed and the number of size class 1 new shoots in the holdfast treatment plants 
reached 3 between July and August 2005. 
The monthly change in the mean number of size class 1 new shoots in the C4 control, 
15cm and holdfast treatment plants (Figure 4.27) also differed significantly from each 
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other over time (Table 4.16). The mean (士 SD) number of these new shoots in the 
control plants showed a gradual decrease throughout the monitoring period, from 3.55 
士 1.64 new shoots in December 2005 to 2.75 士 2.05 new shoots in April 2006 (Figure 
4.27). In contrast, the number of size class 1 new shoots increased from November 
2005 to a peak of 4.52 士 2.07 new shoots in January 2006. A drop to 2.29 士 1.30 new 
shoots occurred in March 2006，followed by a small increase in April 2006 (3.20 士 
2.01 new shoots). For the holdfast treatment plants, a drop to 0.78 士 1.55 new shoots 
was found in December 2004 immediately after the treatment in November 2004 
(4.44 士 2.03 new shoots). This was followed by a sharp increase in January 2006 with 
5.33 士 13.37 new shoots recorded. Another sharp decrease occurred and the minimum 
of 1.00 士 1.31 new shoots was recorded in March 2006. In April and May 2006，a 
mean of around 2 new shoots was recorded among these holdfast treatment plants. 
The monthly change in the mean number of size class 2 (>3-5 cm) new shoots in the 
C2 control, 15cm and holdfast treatment plants, as shown in Figure 4.28, also differed 
significantly from each other over time (Table 4.17). For the control plants, the mean 
(± SD) number of size class 2 new shoots increased from 1.27 士 1.36 in November 
2004 to the peak of around 3.3 new shoots in February and March 2005 (Figure 4.28). 
A decrease in the number of size class 2 new shoots was recorded from March 2005 
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(3.29 士 1.78 new shoots) to the minimum of 0.73 士 0.70 new shoots in September 
2005. The number of size class 2 new shoots in the 15cm treatment plants fluctuated 
in December 2004 and January 2005，before reaching the peak of 2.22 士 1.76 new 
shoots in February 2005. After dropping to around 1.3 new shoots in March and April 
2005，another small peak of 1.85 士 1.56 new shoots was recorded in May 2005. A 
minimum of 0.81 士 1.15 new shoots was found in July 2005 and this number 
increased to 2.67 士 2.50 new shoots at the end of the monitoring in October 2005. 
Size class 2 new shoots in the holdfast treatment plants did not appear after the 
trimming in November 2004 not until April 2005, when 0.03 士 0.17 new shoots was 
observed. A sharp increase was recorded thereafter with 1.50 士 2.12 new shoots 
recorded in August 2005. 
The change in the mean number of size class 2 new shoots differed significantly 
between the C4 control and holdfast treatment plants, and also between the 15cm 
treatment and holdfast treatment plants but not between the control and the 15cm 
treatment plants (Figure 4.29, Table 4.18). The mean (士 SD) number of size class 2 
new shoots in the control plants increased gradually from November 2005 to February 
2006, when the peak of 2.50 士 1.10 new shoots was attained (Figure 4.29). Thereafter, 
a drastic decrease to the minimum of 0.60 士 1.57 new shoots was recorded in April 
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2006. For the 15cm treatment plants, a decrease in the number of size class 2 new 
shoots was observed, from 1.92 士 1.24 new shoots before the treatment in November 
2004 to 1.53 士 1.04 new shoots in December 2005. An increase in this number was 
observed after December 2005, with a maximum of 2.77 士 1.49 new shoots was 
recorded in February 2006 before dropping to a minimum in April 2006 (0.51 士 0.82 
new shoots). After trimming, the holdfast treatment plants showed a similar decrease 
in the number of their new shoots as in the 15cm treatment plants. A decrease from 
2.72 士 1.82 new shoots in November 2005 to zero new shoot in December 2005 was 
recorded. After that, however, a gradual increase in the number of size class 2 new 
shoots was found between January and May 2006 and the maximum of 0.75 ±1.16 
new shoots was recorded at the end of the monitoring period in May 2006. 
The percentage of C2 holdfast treatment plants that regenerated new shoots increased 
from 4.93% in December 2004 to 25% in February and March 2005 (Figure 4.30). 
When the survival rate of these plants started to decrease from March 2005 onwards, 
the number of those that regenerated new shoots kept increasing and finally all (100%) 
of the surviving holdfasts regenerated new shoots in September 2005. 
Similarly, the percentage of C4 holdfast treatment plants that regenerated new shoots 
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also increased (Figure 4.31), from 32.65% in December 2005, the first month after 
trimming, to 82.99% in January 2006. This percentage dropped however to a 
minimum of 47.22% in March 2006, but increased again to the maximum of 87.50% 
in May 2006. 
4.3.2.2 Reproduction of the Control and Treatment Plants 
None of the C2 holdfast treatment plants became reproductive throughout the whole 
monitoring period (Figure 4.32). Significant difference was detected in the percentage 
of control and 15cm treatment plants that became reproductive over time (Friedman 
Test, df = 1, p < 0.05). No tagged C2 control plant was reproductive in November 
2004 and the proportion of them that became reproductive increased from 23.08% in 
December 2004 to 100% in January and February 2005. This proportion dropped to 
20.83% in March 2005 and none of them became reproductive plant from April 2005 
till the end of the monitoring period in October 2005. The 15cm treatment plants 
started to become reproductive only in January 2005, when 26.56% of them were 
reproductive. A peak of 44.44% of reproductive tagged 15cm treatment plants were 
recorded in February 2005 and none of them became reproductive in March 2005. 
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All the C4 control, 15cm treatment and holdfast treatment plants were not 
reproductive in November 2004 (Figure 4.33) and none of the holdfast treatment 
plants became reproductive throughout the whole monitoring period. A sharp increase 
in the percentage of reproductive control plants was recorded from 15% in December 
2005 to 100% in January 2006. In February 2006, 85% of the control plants were 
reproductive but from March 2006 until the end of the monitoring in May 2006，none 
of them was reproductive. The 15cm treatment plants remained non-reproductive in 
November and December 2005. A maximum of 46.51% of them became reproductive 
in February 2006 and thereafter, none of them became reproductive. The difference in 
the percentage of control and 15cm treatment plants that became reproductive over 
time was not statistically significant (Friedman Test, df = l , p > 0.05). 
The reproductive efforts of the control (collected in the monthly survey, see Chapter 2, 
Figure 2.10), C2 and C4 15cm treatment plants are shown in Figure 4.34. C2 15cm 
treatment plants contributed a mean (± SD) reproductive effort of 3.04 士 2.10%, 
compared to 15.28 士 3.95% in the corresponding control plants. This difference was 
statistically significant (Student Mest, df = 4, p < 0.05). C4 15cm treatment plants, 
with a mean reproductive effort of 1.93 士 1.21%，also differed significantly from the 
reproductive effort of 10.80 士 7.240/o of their corresponding control plants (Student 
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Mest, d f= 8,/? <0.05). 
4.3.2.3 Survival of the Control and Treatment Plants 
The holdfast treatment plants showed a high 95% survival rate from December 2004 
to February 2005 (Figure 4.35). This survival rate was higher but not significantly 
different from the 90% and 85% recorded for the control and 15cm treatment plants 
respectively (Table 4.19). Their number continued to drop from February 2005 
onwards, with only 10.77% of them survived till June 2005 and none of them 
survived till October 2005. For the 15cm treatment plants, more than 80% of them 
were found between December 2004 and May 2005. But from May 2005 on, their 
survival rate started to drop and only 43.07% of them were found in September 2005. 
Only 9.23% of them survived till October 2005. The survival rate of the control plants 
dropped gradually from 90% in December 2004 to 70% in September 2005. In 
October 2005, their survival rate dropped to 26.67%. None of them lived through 
November 2005. 
C4 control, 15cm and holdfast treatment plants showed survival patterns (Figure 4.36) 
throughout the monitoring that were not significantly different from each other (Table 
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4.20). The survival rate of the control plants was the highest, with all of them 
surviving until April 2006. Typhoon Chan Chu (HKO Warnings and Signals Database, 
Hong Kong Observatory) in May 2006 however, reduced their survival rate to only 
5%. For the 15cm treatment plants, 94.60% of the tagged plants were found in April 
2006 but only 5.41% of them were found in May 2006. For the holdfast treatment 
plants, 86.80% of the tagged holdfast survived till April 2006, before the survival rate 
dropped to 19.51% in May 2006. 
Figure 4.37 shows the survival rates of C2 control and 15cm treatment plants that 
reproduced in different months. The survival rate of C2 control plants that reproduced 
in February 2005 was the highest and was significantly different from those of the 
other reproductive and non-reproductive plants (Table 4.21). These control plants 
survived until October 2005 before disappearing in November 2005. For those control 
plants that reproduced in January 2005, their survival rate dropped from 87.50% to 
37.50% between September and October 2005. For the 15cm treatment plants, the 
survival rates between the reproductive and non-reproductive treatment plants during 
the study period were not significantly different from each other (Table 4.21). 
In comparison, the survival rates of the C4 control and 15cm treatment plants that 
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reproduced in different months showed a different pattern (Figure 4.38) and the 
patterns among different treatment plants were not significantly different from each 
other (Table 4.22). All control plants that reproduced in January survived till April 
2006, similar to those non-reproductive 15cm treatment plants. The survival rate of 
the 15cm treatment plants that reproduced in either January or February 2006 
maintained at 100% till February, but decreased to 90% in March and April. In May 
2006, the survival rate of all the control and 15cm treatment plants dropped to around 
10%, and eventually none of them survived in June 2006. 
4.3.2.4 Mannitol Content of the Treatment Plants 
The bimonthly variations in the mean mannitol content in different parts of the control, 
C2 15cm treatment and holdfast treatment plants are shown in Figure 4.39. The 
pattern of variation was significantly different only between the holdfast of the control 
and 15cm treatment plants (Table 4.23). The mannitol content in the holdfast of the 
control plants was the highest, with a maximum of 3.78 士 2.92 g mannitol/ lOOg dry 
seaweed measured in December 2004 (Figure 4.39a). In February 2005, the mannitol 
content in the control plants dropped to around 1 g mannitol/ lOOg dry seaweed. 
Mannitol content in the holdfast of 15cm treatment and the holdfast treatment plants 
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remained around 1 g mannitol/ lOOg dry seaweed in February and April 2005. The 
mannitol content in the basal blade region of the control plants was also higher than 
that in the 15cm treatment plants in February 2005 (Figure 4.39b), with a mean (士 SD) 
of 2.64 士 2.82 g mannitol/ lOOg dry seaweed and 0.87 士 0.06 g mannitol/ lOOg dry 
seaweed in the control and 15cm treatment plants respectively. The mannitol content 
in the control and 15cm treatment plants was similar in both their middle and top 
blade regions (Figure 4.39c, d), with a mean of around 0.8 g mannitol/ lOOg dry 
seaweed recorded in December 2004 and February 2005. 
The bimonthly variations of mean mannitol content in various parts of the control, C4 
15cm and holdfast treatment plants (Figure 4.40) were not significantly different from 
each other (Table 4.24). The change in the holdfast mannitol content in the control, 
15cm and holdfast treatment plants was inconsistent (Figure 4.40a), with a range of 2 
to 2.5 g mannitol/ lOOg dry seaweed recorded over time. At the end of the monitoring 
period in April 2006, the holdfast treatment plants showed the lowest holdfast mean 
(± SD) mannitol content of 0.56 士 0.33 g mannitol/ lOOg dry seaweed, compared to 
2.53 土 1.01 g mannitol/ lOOg dry seaweed and 3.24 土 3.03 g mannitol/ lOOg dry 
seaweed in the 15cm treatment and control plants respectively. The basal blade region 
of the control plants also showed a higher mean mannitol content than that of the 
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15cm treatment plants (Figure 4.40b), although the difference was not statistically 
significant (Table 4.24). For the control plants, a mean of 3.14 士 2.39 g mannitol/ 
lOOg dry seaweed was found in December 2005, followed by the minimum of 1.23 士 
0.60 g mannitol/ lOOg dry seaweed in February 2006 and the maximum of 6.49 士 3.99 
g mannitol/ lOOg dry seaweed in April 2006. The 15cm treatment plants also showed 
the same trend, with a minimum in February 2006 (0.78 士 0.68 g mannitol/ lOOg dry 
seaweed) and a maximum in April 2006 (3.70 士 2.15 g mannitol/ lOOg dry seaweed). 
The pattern of variation of mannitol content in the middle and top blade regions of the 
control and 15cm treatment plants was similar, with the minimum of around 0.35 g 
mannitol/ lOOg dry seaweed found in February 2006 (Figure 4.40c, d). In both parts, 
the 15cm treatment plants showed a higher mannitol content in December 2005, but 
the pattern reversed in April 2006, when the mannitol contents in the control plants 
were higher. 
The mean mannitol contents in the holdfast, basal, middle and top blade regions of 
reproductive and non-reproductive individuals between different control and C2 15cm 
treatment plants are presented in Figure 4.41. The mannitol contents in all parts of the 
reproductive and non-reproductive 15cm treatment plants were not significantly 
different from each other (Figure 4.41a). The same is true for mannitol contents of the 
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blade region of the reproductive control and 15cm treatment plants (Figure 4.41b). 
However, mannitol contents in their holdfast were significantly different (Figure 
4.41b). No significant differences were also detected in the mannitol contents of 
different parts of the non-reproductive control and the 15cm treatment plants (Figure 
4.41c). 
For C4 plants, their holdfasts usually contained the highest level of mannitol content 
when compared with the other parts, i.e. basal, middle and top blade regions (Figure 
4.42). However, between the reproductive and non-reproductive individuals of control 
and C4 15cm treatment plants, the mannitol contents in their different parts were all 
not significantly different from each other (Student PTest, df = 4 , p > 0.05). 
4.4 Discussion 
4.4.1 Effect of Trimming on the Growth of Sargassum siliquastrum 
Experimental manipulation to test for the effect of trimming on the growth of different 
brown algae was limited but from the available findings, growth of the plant would be 
affected after trimming. It is assumed that trimming will remove the photosynthetic 
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biomass of the plant and hence, the energy resources available for maintenance and 
growth. Chapman and Craigie (1978) experimentally amputated the kelps Laminaria 
longicruris in two ways. In the first group, the blade of the kelps was cut to 10 cm 
above the meristem before the active growing period and in the second group, the 
blades were cut back to a length of 10 cm every month after growth measurements 
had been made. Their results showed that the growth rates of both treatment plants 
were similar, but they grew much more slowly than the control plants, especially in 
the later stage of the active growing period. In another study by Ang (1985b), the 
length of Sargassum siliquosum and S. paniculatum were experimentally manipulated 
in two ways. In the first treatment group, cutting was carried out every month, leaving 
only the primary axis and the holdfast. In the second treatment group, plants were also 
cut every month at a point of about 20 cm to 40 cm above the holdfast. The 
corresponding regeneration potentials of the two treatment groups were monitored 
monthly. From the results of the first experiment, it was found that both species were 
able to regenerate new shoots from the holdfast within three months after trimming, 
but their newly formed shoots showed differences in growth and survival rates in the 
next season. Results of the second experiment showed that plants cut down to certain 
level were also able to grow beyond the cut length through replacement of apical 
dominance by undamaged laterals. However, it was also found that plants cut at a 
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later stage did not grow and died back, suggesting the presence of a critical growth 
period in both species. Findings from both studies demonstrated that trimming would 
affect the growth and regeneration ability of the vegetative tissues, with seasonal 
variation in rate and performance. 
In the present study, it was found that Sargassum siliquastrum was able to grow after 
being trimmed down to 15 cm before the active growing period. From the monthly 
variation in the length of the CI and C3 tagged plants (Figures 4.1-4.2), the 15cm 
treatment plants showed a slower growth with a delayed peak and lower maximum 
length when compared with the control plants. For plants trimmed down to holdfast, 
no or very little growth was recorded, indicating that the holdfast and primary axes 
alone were not able to support the growth of the whole plant. Compare to the effect on 
primary growth, effect of trimming on the secondary growth of the treatment plants 
was less obvious. There was no significant difference in the number of main axes the 
developed between the control and treatment plants and differences in number of size 
class 1 and size class 2 new shoots between the control and treatment plants were also 
not consistent. These results showed that the growth of the main axes and new shoots 
(i.e. secondary growth) was less affected by removal of photosynthetic vegetative 
tissues when compared with the primary growth in length, implying that secondary 
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growth of main axes and new shoots may be less energy demanding than primary 
growth in length or that there may be reserved energy elsewhere, i.e. in the holdfast, 
that supported this growth. In contrast to the growth in length in the treatment plants 
trimmed before the active growing period (CI and C3 plants), individuals trimmed 
before the reproductive period (i.e. the C2 and C4 plants) showed no significant 
growth. After being cut down to 15cm, the 15cm treatment plants grew to around 20 
to 25 cm in the first month, and then their length remained more or less the same in 
the rest of the growing and reproductive seasons (Figures 4.22-4.23). No peak length 
was recorded in the 15cm treatment plants as in the controls, and their length was 
significantly lower than that of the control plants. The holdfast treatment plants 
showed no growth in length after trimming and for both the 15cm and holdfast 
treatment plans, growth occurred only in the next growing season but the mean length 
was still lower than that in the controls. These results suggested that a critical growth 
period was also present in S. siliquastrum after which the potential for replacement of 
apical dominance and growth in the plant would be lost. This agrees with Ang's (1985) 
finding on S. siliquosum and S. paniculatum. The critical growth period of S. 
siliquastrum was very likely to be one or two months before the reproductive period, 
so that significant primary growth was not recorded in the C2 and C4 treatment plants 
which were trimmed just before the reproductive period. Compare to the difference in 
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primary growth, the mean number of main axes in the control and treatment plants 
showed no significant difference and the variation in the number of size class 1 and 
size class 2 new shoots was also not consistent between the control and the 15cm 
treatment plants. Same as treatment plants trimmed before the active growing period, 
the secondary growth in S. siliquastrum trimmed before the reproductive period was 
less affected by trimming when compared to their primary growth. 
The regeneration of new shoots from the holdfast, even with little or no vegetative 
biomass, suggested strongly that certain amount of reserve was available in the 
holdfast for growth, so that the holdfast not only functioned as a structure for 
anchorage of the plant to the substratum, but also as a site for storage of nutrient 
reserve in supporting new shoot formation. However, this regeneration ability 
appeared to exhibit certain seasonality. Plants trimmed before the active growing 
period showed very little regeneration of new shoots from their holdfast compared to 
those trimmed before the reproductive period (Figures 4.9-4.10, 4.30-4.31). This was 
probably related to the difference in the resource available (e.g. mannitol) in the 
holdfast between these periods. August (when CI and C3 plants were experimentally 
trimmed) was the end of the slow growth period and the start of the fast growing 
season for S. siliquastrum. The mannitol content in the whole plant was relatively low 
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(see Chapter 3, Figures 3.3, 3.5, 3.7, 3.9), suggesting that no extra reserve was 
generated while most of the energy from photosynthesis was used in maintaining the 
metabolism of the plant during the slow growth period. Therefore, only very little 
energy was stored in the holdfast for new shoot regeneration. In November (when C2 
and C4 plants were experimentally trimmed), the mannitol content in the whole plant 
was relatively higher likely because of the accumulation of storage product during the 
active growing period. This accumulation of storage energy may be in preparation for 
reproduction. At the same time, this also enabled more holdfasts to regenerate new 
shoots in the first four to six months after trimming. The effect of this difference in 
resource availability can also be seen in the survival rate of the treatment plants. 
Comparing the CI and C3 vs C2 and C4 plants, C2 and C4 plants trimmed in 
November displayed a higher survival rate in the first few months of the monitoring 
(Figures 4.14-4.15, 4.35-4.36). For the 2005 manipulation (i.e. C3 and C4 treatments), 
there was a sharp increase in the number of size class 1 new shoots in the holdfast 
treatment plants two months after trimming (i.e. October 2005 for C3 and January 
2006 for C4 plants). However, most of the newly emerged shoots were not able to 
sustain themselves and died subsequently, resulting in a low number of new shoots in 
the rest of the monitoring period. Many holdfast treatment plants were observed to 
turn black in colour after the loss of their new shoots, followed by the overgrowth of 
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epiphytes and coralline algae. This is a good indication that the holdfast cannot 
maintain itself after its energy reserve was fully spent for new shoot generation. 
Renewal of energy for maintenance would likely come from the photosynthetic 
activity of the new shoots. But with the loss of the new shoots, the holdfast would also 
die. There may be other factors causing the death of the holdfast treatment plants, e.g. 
loss or reduction of their photosynthetic activities, loss of their defense against 
epiphytes. All these remain to be examined in future researches. 
4.4.2 Effect of Trimming on Reproduction of Sargassum siliquastrum 
Experiments on different brown algae showed that reduction in vegetative biomass 
would lead to different responses in reproductive potential of the treatment plants. 
Reed (1987) found that the fecundity of Macrocystis pyrifera was largely determined 
by the total vegetative biomass as the removal of 75% of vegetative fronds resulted in 
a drastic reduction in sporophyll production. Later, Pfister (1992) performed 
manipulative experiments on Alaria nana by removing the vegetative or reproductive 
tissue on the plant but this time, no difference in reproductive investment between the 
control and experimental vegetative tissue removed plants was recorded, although she 
suspected that vegetative tissues were required for the maintenance of reproductive 
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tissues. She also found that the growth or size of the sporophyll removed plants did 
not differ from that of the control plants, indicating that there was no evidence of cost 
of reproduction in the kelps. In another experiment on Alaria nana, also by Pfister 
(1991)，removal of sporophyll on the kelp resulted in compensatory response on the 
plants in which functional reproductive structures were developed on the vegetative 
fronds in 45% of the treatment plants. The reproductive investment and the number of 
zoospores produced on the sporophyll removed plants were also found to be similar to 
those of the control plants. These studies demonstrated that brown algae were able to 
show adaptive strategies in coping with the loss of vegetative and reproductive 
tissues. 
After being trimmed down to 15 cm before the active growing period, the CI and C3 
treatment plants in the present study continued to grow for a few months and started 
to become reproductive one or two months later than the control plants. In the control 
plants, the reproductive peak was found in December whereas the peak of the 15cm 
treatment plants was reached in February. This delayed and shortened reproductive 
period suggested that, given the reduced amount of photosynthetic biomass in these 
15cm treatment plants, more time was probably needed for growth to accumulate 
enough resources for reproductive development. This was evident by the presence of 
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higher amount of reserve (i.e. mannitol) generally in more parts of the 
non-reproductive 15cm treatment plants than in the non-reproductive control plants 
(Figures 4.20-4.21). For either of these plants, their mannitol content would generally 
drop once they became reproductive. However, this reserve was more depleted in the 
15cm treatment plants such that it generally became lower in these treatment plants 
than in the control plants once these plants became reproductive. Therefore, the peak 
of reproduction in the 15cm treatment plants was also lower than that of the control 
plants, i.e. around 60 to 70% in the 15cm treatment plants as compared to 100% in the 
control plants (Figures 4.11-4.12). Other than the difference in the percentage of 
reproductive individuals, the 15cm treatment plants also showed a lower reproductive 
effort than the control plants (Figure 4.13). 
For the C2 and C4 treatment plants trimmed just before the reproductive period, the 
15cm treatment plants showed very little growth in the first month but nevertheless 
attained a mean length of around 25 cm throughout the reproductive and die back 
periods (Figures 4.22-4.23). Despite having a length that was much lower than the 
minimum reproductive length of 40 cm recorded for this species (Chan 2002), a peak 
of around 40 to 50% of these 15cm treatment plants still became reproductive in 
February, albeit two months later than the peak of the control plants. In contrast to CI 
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and C3 plants, these C2 and C4 reproductive treatment plants did not differ in their 
mannitol content significantly from that of the control plants (Figure 4.42). But they 
showed a significantly lower reproductive effort than the control plants (Figure 4.34). 
Responses of CI to C4 treatment plants suggested that reduction in vegetative 
biomass would lead to a decrease in percentage of reproductive individuals and 
reproductive investment. All these resulted in a reduced overall reproductive output in 
the 15cm treatment plants. Also, the effect of reduced resources, putatively due to 
trimming, was less severe when it occurred before the active growing period than 
before the reproductive period. An extra few months of growth were critical to make 
up for the loss in the resources before these resources were committed for 
reproduction, as in the case of the CI and C3 treatment plants. Only limited and 
insufficient time was available for the replenishment of resources for the C2 and C4 
treatment plants trimmed at the end of the growing period, resulting in a much lower 
overall reproductive output for these plants. Nonetheless, irrespective of the amount 
of resources available to these plants, formation of reproductive structures appeared to 
be the ultimate goal of growth such that at least half of them would still become 
reproductive in spite of their small size and the low amount of reproductive structures 
that could be formed. None of the holdfast treatment plants became reproductive, 
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although some new shoots did emerge from those trimmed before the active growth 
period (i.e. CI and C3 holdfast treatment plants). This suggested that holdfast alone 
would not be able to provide enough resources needed for reproduction. 
In the current study, extra resources appear to be needed for the reproductive event to 
occur in Sargassum siliquastrum. However, no clear cost of reproduction was 
detected in terms of future survival of the reproductive plant, i.e. months survived 
after becoming reproductive. This was evident by the similar survival rate found 
between the reproductive and non-reproductive CI to C4 control and treatment plants, 
and among individuals reproducing in different times (Figures 4.16-4.17, 4.37-4.38). 
These results supported the suggestion that reproduction in algae may be less costly as 
compared with land plants, due to the photosynthetic ability of the receptacles (De 
Wreede and Klinger 1988) and were consistent with the earlier results of Chan (2002) 
on the same species. Chan (2002) suggested the importance of other external factors 
in affecting the survival of this species other than reproduction. In the present study, 
although the effect of external factors on the survival of the tagged plants was not 
monitored, severe loss of tagged plants occurred after the storms or period of 
monsoon. Presence of physical disturbances could thus be more important to the 
survival of individuals in this brown algal population. 
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4.4.3 Resource Allocation Pattern in Sargassum siliquastrum 
From the discussion above, it can be seen that resource-reduced plants (i.e. plants 
trimmed for both 15cm and holdfast treatment) showed a decrease in mannitol content, 
reduced growth in length and delayed reproduction. All these responses reflected that 
resources available within the plants were used in growth and reproduction. Therefore, 
these supported the first hypothesis that reduced resources led to reduced growth and 
reproduction. However, there was no clear cost of reproduction in terms of its effect 
on future survival of the reproductive plants. After removing all the vegetative shoots, 
new shoots were still regenerated from the holdfast, showing that certain amount of 
nutrient reserve was present in the holdfast. Thus, the second hypothesis was also 
shown to be valid. However, the responses of Sargassum siliquastrum trimmed in 
different life stages (e.g. before growth or reproduction) were different, reflecting an 
optimal allocation schedule of resources for different purposes. In fact, such 
allocation schedule was also found in some algal species by field experiments testing 
the species or season specific responses to changing environment. Reed et. al (1996) 
studied the seasonal and temporal variation in carbon and nitrogen content in two 
kelps, the Macrocystis pyrifera and Pterygophora californica. It was found that the 
spore C/N ratio remained relatively constant over time in both species, whereas the 
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seasonal fluctuations in C/N ratios of vegetative tissue were large. These authors 
suggested that during unfavorable conditions, these kelp plants may maintain their 
spore quality at the expense of vegetative tissue and/or spore quantity. These algae 
may also adjust the spore size to accommodate changes in resources. Moreover, these 
authors documented the differences in reproductive allocation as a response to 
environmental changes between species with different life histories, where changes in 
environmental conditions and resources would tend to exert much greater influence 
on the quantity and quality of reproduction in species that reproduce continuously 
than on species that are strictly seasonal in their onset of reproduction. Differences in 
allocation pattern occurred not only between species, but also between different 
compounds within the same plant. Pfister (1992) monitored the concentration of 
various compounds in the control, vegetative or reproductive tissue removed plants of 
Alaria nana. She found the carbon and nitrogen contents in the sporophyll of the 
vegetative tissue removed plants to decrease, but the proportion of their phenolic 
compounds remained unchanged. For Sargassum, McCourt (1985) documented the 
difference in reproductive biomass allocation between S. herporhizum, S. johnstonii 
and S. sinicola. He found that species tended to devote reproductive biomass into 
either vegetative or sexual tissue, but not to both. The regeneration studies of S. 
siliquosum and S. paniculatum by Ang (1985) suggested a critical growth period in 
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Sargassum, which provided insights on the different allocation pattern of Sargassum 
during different stages. However, comprehensive studies employing manipulative 
experiments to examine the corresponding changes in allocation of resources in 
Sargassum, as well as in other seaweeds, are still very limited. 
Mannitol analysis of the CI to C4 treatment and control plants in the present study 
revealed that the mannitol content generally decreased with the decrease in the 
amount of leafy part of biomass (Figures 4.18-4.19, 4.39-4.40). This was because 
reduction in the amount of photosynthetically active tissues (i.e. blades) reduced the 
effective area for photosynthesis, thus in the production of mannitol. Therefore, the 
mannitol content in different parts of the plants decreased in the descending order of 
control, 15cm treatment plants and holdfast treatment plants. This order also reflected 
the resource availability in the plants for growth and reproduction. In contrast to the 
effect of mannitol production, trimming did not affect the mannitol allocation in the 
blade regions of the treatment plants. Similar to the control plants, the mannitol 
content in the blades of the CI and C3 treatment plants followed the same trend of 
base > middle > top blade region, suggesting that resources were mainly contributed 
from the blade regions to the formation and growth of new shoots that emerged from 
the holdfast of the plant. 
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The existence of optimal allocation schedule for different purposes was also found in 
Sargassum siliquastrum, as shown by their different responses in length, after 
trimming in different life stages. After the annual die back, the plant would divert 
their resources into growth, trying to acquire as much resources as possible for 
reproduction in the winter. Therefore trimming before the active growing period 
would not prevent the treatment plants from growing. At the end of the active growing 
period, however, the plants would divert the resources to reproduction instead of 
growth. Therefore, trimming after the active growing period would not result in the 
initiation of too much growth in the treatment plants such that they all remained 
around the same size for the rest of the season and started to grow again only in the 
next season. This critical growth period in S. siliquastrum suggested that after the 
growth period, available resources would be used in reproduction instead of growth. 
This also implied the existence of a trade-off between growth and reproduction in this 
species. Although all treatment plants showed a delayed reproductive peak when 
compared with the control, they still became reproductive at the end of the normal 
reproductive period in February. During that time, even plants with length much 
below the minimum reproductive length of 40 cm still became reproductive. This 
showed that S. siliquastrum would try to optimize the time for resources acquisition 
by delaying their reproductive period, so as to achieve their ultimate goal of 
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reproduction. To maximize reproductive success, they would reproduce no later than 
February even though they have to sacrifice the quantity of receptacles produced, i.e., 
by having a lower reproductive effort. Based on the information obtained in this study, 
further reproductive success of the treatment plants may be evaluated by examining 
the quality of the gametes produced, as well as comparing the mannitol content in the 
receptacles of the control and treatment plants in future researches. 
4.5 Summary 
As a summary, trimming of Sargassum siliquastrum at different life stages would lead 
to different responses in their growth and reproduction. Regeneration of new shoots 
from the trimmed holdfast suggested that certain amount of nutrient reserve was 
found in the holdfast to support the development of the main axes and new shoots. 
However, the amount of reserve in the holdfast varied between seasons. More reserve 
was found after the active growing period than at the beginning of the growing stage. 
When vegetative shoots were trimmed before the active growing period, delayed 
length maxima and reproductive peak was attained. In contrast, trimming of 
vegetative shoots before the reproductive period would not result in growth of the 
plants to their reproductive size, but they would still reproduce at a length below the 
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minimum reproductive size with lower reproductive effort. Mannitol analysis of the 
treatment plants revealed that trimming did not change the allocation pattern of 
mannitol when compared with the controls, although lower mannitol contents were 
recorded in various parts of the treatment plants. These results demonstrated that there 
was a trade-off between growth and reproduction of Sargassum siliquastrum and an 
optimal allocation schedule was also adopted in this species, as resources were used 
for different purposes in different life stages in order to satisfy their ultimate goal of 
reproduction. 
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Table 4.1 Results of statistical test for differences in the mean length of CI control 
and treatment plants over time. Treatment plants trimmed in August 2004. 
Significant results (p < 0.05) are given in bold. 
^ T , Two-way A N O VA 
Mean Length Friedman Test 
(Repeated measure) 
Control vs 15cm F = 13.502 
Treatment df = 1 
(Data log transformed) p = 0.021 
^ ^ , „ , . Chi-square = 79.198 
Control vs Holdfast 
df= 1 
Treatment 
p < 0.001 
e ^ Chi-square = 165.000 
15cm Treatment vs 
df= 1 
Holdfast Treatment 
p < 0.001 
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Table 4.2 Results of Friedman Test for differences in the mean length of C3 control 
and treatment plants over time. Treatment plants trimmed in August 2005. 
Significant results {p < 0.05) are given in bold. 
Mean Length Friedman Test 
Chi-square = 122.315 
Control vs 15cm Treatment df = 1 
p < 0.001 
Chi-square = 150.000 
Control vs Holdfast Treatment df = 1 
p < 0.001 
^ ^ Chi-square = 234.000 
15cm Treatment vs Holdfast 
d f = l 
Treatment 
p < 0.001 
Chapter 4 Effect of Reduced Resources on Growth or Reproduction of Sargassum siliquastrum 13 8 
Table 4.3 Results of Friedman Test for difference in the mean number of size class 1 
(1-3 cm) new shoots of CI control and treatment plants trimmed in August 
2004. Significant results (p < 0.05) are given in bold. 
Mean Number of l-3cm New Shoots Friedman Test 
Chi-square = 0.458 
Control vs 15cm Treatment df = 1 
p = 0.499 
Chi-square = 15.000 
Control vs Holdfast Treatment df 二 1 
p < 0.001 
Chi-square = 16.000 
15cm Treatment vs Holdfast df = 1 
Treatment 
p < 0.001 
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Table 4.4 Results of Friedman Test for difference in the mean number of size class 1 
(1-3 cm) new shoots of C3 control and treatment plants trimmed in August 
2005. Significant results (p < 0.05) are given in bold. 
Mean Number of Size Class 1 
Friedman Test 
(l-3cm) New Shoots 
Chi-square = 11.940 
Control vs 15cm Treatment df = 1 
p = 0.001 
Chi-square = 85.465 
Control vs Holdfast Treatment df = 1 
p < 0.001 
Chi-square = 162.138 
15cm Treatment vs Holdfast df = 1 
Treatment 
p < 0.001 
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Table 4.5 Results of Friedman Test for difference in the mean number of size class 2 
(>3-5cm) new shoots of CI control and treatment plants trimmed in 
August 2004. Significant results (p < 0.05) are given in bold. 
Mean Number of Size Class 2 
Friedman Test 
(>3-5cm) New Shoots 
Chi-square = 3.522 
Control vs 15cm Treatment df = 1 
；7 = 0.061 
Chi-square = 10.000 
Control vs Holdfast Treatment df = 1 
p 二 0 . 0 0 2 
Chi-square = 12.000 
15cm Treatment vs Holdfast df = 1 
Treatment 
p = 0.001 
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Table 4.6 Results of Friedman Test for difference in the mean number of size class 2 
(>3-5cm) new shoots of C3 control and treatment plants trimmed in 
August 2005. Significant results (p < 0.05) are given in bold. 
Mean Number of Size Class 2 
Friedman Test 
(>3-5cm) New Shoots 
Chi-square = 0.210 
Control vs 15cm Treatment df = 1 
p = 0.647 
Chi-square = 90.274 
Control vs Holdfast Treatment df = 1 
p < 0.001 
Chi-square = 171.573 
15cm Treatment vs Holdfast df = 1 
Treatment 
p < 0.001 
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Table 4.7 Results of Student /-Test for difference in the percentage survival of CI 
control and treatment plants trimmed in August 2004. All test results are 
statistically not significant (p> 0.05). 
Percentage Survival Student /-Test 
F = 0.400 
Control vs 15cm Treatment df = 30 
；? = 0.879 
F = 0.247 
Control vs Holdfast Treatment df = 30 
p 二 0.087 
F = 0.004 
15cm Treatment vs Holdfast df = 30 
Treatment 
尸 0.128 
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Table 4.8 Results of Student 广-Test for difference in the percentage survival of C3 
control and treatment plants trimmed in August 2005. Significant results (p 
< 0.05) are given in bold. 
Percentage Survival Student /-Test 
F = 5.053 
Control vs 15cm Treatment df = 18 
p = 0.005 
F = 1.032 
Control vs Holdfast Treatment df = 18 
p = 0.269 
F = 1.241 
15cm Treatment vs Holdfast df = 18 
Treatment 
p = 0.028 
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Table 4.9 Results of the Student /-Test for difference in the percentage survival of CI 
control and treatment plants that reproduced in different months. 
Significant results (p < 0.05) are given in bold. 
Controls that 
Non-reproductive 15cm 




 F 二 0 0 3 4 F = 0 5 8 9 
Reproduced in December d f - 18 d f - 2 0 
2004 /7 = 0.386 尸 0.507 
F 二 0.021 F = 0.124 
15cm Treatment that df-19 
Reproduced in January 2005 
p = 0.544 p = 0.026 
F = 0.021 F = 0.358 
15cm Treatment that d f= 16 df = 18 
Reproduced in February 2005 
；? = 0.878 p = 0.105 
F = 0.209 
Non-reproductive 15cm df 二 18 
Treatment 
；? = 0.129 
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Table 4.10 Results of Student /-Test for difference in the percentage survival of C3 
control and treatment plants that reproduced in different months. 
Significant results (p < 0.05) are given in bold. 
Control that Control that 
Percentage Non-reproductive 
Reproduced in Reproduced in 
Survival 15cm Treatment 






7 9 3 F 二 6. 2 5 0 F = 8. 3 0 8 
that Reproduced d f = 8 df = 10 d f = 9 






5 9 8 F = 1
.
7 0 6 F = 1
.
4 4 7 
that Reproduced
 d f = 1 d f = 9 d f = 8 






3 2 7 F = 3
.




9 4 3 
that Reproduced
 d f = 6 d f
 =
8 d f = = 7 
in February 2006 户 二 0.451 p = 0.100 p = 0.766 
F = 3.217 F = 0.150 
Non-reproductive df 二 8 d f = 7 
15cm Treatment 
p = 0.046 p = 0.727 
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Table 4.11 Results of Friedman Test (df == 1 for all cases) for difference in the mean 
mannitol content in the control plants (from the general monthly survey), 
CI 15cm and holdfast treatment plants trimmed in August 2004. 
Significant results (p < 0.05) are given in bold. 
Mean Mannitol Holdfast Basal Blade Middle Blade Top Blade 
Content Mannitol Mannitol Mannitol Mannitol 
Chi-square = Chi-square = Chi-square = Chi-square = 
Control vs 15cm 
9.80 9.80 12.80 1.80 
Treatment 
p = 0.002 p = 0.002 p <0.001 /7 = 0.180 
Control vs Chi-square = 
Holdfast 11.842 
Treatment p = 0.001 
15cm Treatment Chi-square = 
vs Holdfast 4.263 
Treatment p = 0.039 
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Table 4.12 Results of Friedman Test (df = 1 for all cases) for difference in the mean 
mannitol content in the control plants (from the general monthly survey), 
C3 15cm and holdfast treatment plants trimmed in August 2005. All test 
results are statistically not significant (p> 0.05). 
Mean Mannitol Holdfast Basal Blade Middle Blade Top Blade 
Content Mannitol Mannitol Mannitol Mannitol 
Chi-square 二 Chi-square - Chi-square = Chi-square 二 
Control vs 15cm 
0.615 0.615 0.615 5.538 
Treatment 
/7 = 0.433 p = 0.433 p = 0.433 ^ = 0.109 
Control vs Chi-square = 
Holdfast 2.130 
Treatment p = 0.144 
15cm Treatment Chi-square 二 
vs Holdfast 2.130 
Treatment /7 = 0.144 
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Table 4.13 Results of statistical test for difference in the mean length of C2 control 
and treatment plants over time. Treatment plants trimmed in November 
2004. Significant results (p < 0.05) are given in bold. 
Two-way A N O V A 
Mean Length Friedman Test 
(Repeated measure) 
Control vs 15cm F = 14854.605 
Treatment df = 1 
(Data log transformed) p < 0.001 
Chi-square = 218.000 
Control vs Holdfast 
df= 1 
Treatment 
p < 0.001 
Chi-square = 343.000 
15cm Treatment vs 
d f = l 
Holdfast Treatment 
p < 0.001 
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Table 4.14 Results of Friedman Test for difference in the mean length of C4 control 
and treatment plants over time. Treatment plants trimmed in November 
2005. Significant results (p < 0.05) are given in bold. 
Mean Length Friedman Test 
Chi-square = 30.556 
Control vs 15cm Treatment 
df 二 1 (Data sine transformed) 
p < 0.001 
Chi-square = 100.000 
Control vs Holdfast Treatment df = 1 
p < 0.001 
Chi-square = 182.495 
15cm Treatment vs Holdfast , ^  
df= 1 
Treatment 
p < 0.001 
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Table 4.15 Results of Friedman Test for difference in the mean number of size class 1 
(l-3cm) new shoots of C2 control and treatment plants trimmed in 
November 2004. Significant results (p < 0.05) are given in bold. 
Mean Number of Size Class 1 (1-3cm) 
Friedman Test 
New Shoots 
Chi-square = 8.817 
Control vs 15cm Treatment df = 1 
p = 0.003 
Chi-square = 18.514 
Control vs Holdfast Treatment df = 1 
p < 0.001 
Chi-square = 35.630 
15cm Treatment vs Holdfast df 二 1 
Treatment p < 0.001 
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Table 4.16 Results of Friedman Test for difference in the mean number of size class 1 
(l-3cm) new shoots of C4 control and treatment plants trimmed in 
November 2005. Significant results (p < 0.05) are given in bold. 
Mean Number of Size Class 1 (l-3cm) 
Friedman Test 
New Shoots 
Chi-square = 16.106 
Control vs 15cm Treatment df = 1 
p < 0.001 
Chi-square 二 11.378 
Control vs Holdfast Treatment df = 1 
p = 0.001 
Chi-square = 57.800 
15cm Treatment vs Holdfast df = 1 
Treatment 
p < 0.001 
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Table 4.17 Results of Friedman Test for difference in the mean number of size class 2 
(>3-5cm) new shoots of C2 control and treatment plants trimmed in 
November 2004. Significant results (p < 0.05) are given in bold. 
Mean Number of Size Class 2 
Friedman Test 
(>3-5cm) New Shoots 
Chi-square = 10.530 
Control vs 15cm Treatment df = 1 
p = 0.001 
Chi-square = 70.000 
Control vs Holdfast Treatment df = 1 
p < 0.001 
Chi-square = 62.000 
15cm Treatment vs Holdfast df = 1 
Treatment 
p < 0.001 
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Table 4.18 Results of Friedman Test for difference in the mean number of size class 2 
(>3-5cm) new shoots of C4 control and treatment plants trimmed in 
November 2005. Significant results (p < 0.05) are given in bold. 
Mean Number of Size Class 2 
Friedman Test 
(>3-5cm) New Shoots 
Chi-square = 0.013 
Control vs 15cm Treatment df = 1 
p = 0.909 
Chi-square = 79.000 
Control vs Holdfast Treatment df = 1 
p < 0.001 
Chi-square = 114.568 
15cm Treatment vs Holdfast df = 1 
Treatment 
p < 0.001 
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Table 4.19 Results of Student /-Test for difference in the percentage survival of C2 
control and treatment plants trimmed in November 2004. All test results 
are statistically not significant {p> 0.05). 
Percentage Survival Student ,-Test 
F 二 3.058 
Control vs 15cm Treatment df = 24 
/7 = 0.175 
F = 7.059 
Control vs Holdfast Treatment df = 24 
/7 = 0.060 
F 二 1.033 
15cm Treatment vs Holdfast df = 24 
Treatment 
/7 = 0.550 
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Table 4.20 Results of Student /-Test for difference in the percentage survival of C4 
control and treatment plants trimmed in November 2005. All test results 
are statistically not significant (p> 0.05). 
Percentage Survival Student /-Test 
F = 0.115 
Control vs 15cm Treatment df = 12 
/7 = 0.986 
F = 0.163 
Control vs Holdfast Treatment df = 12 
p = 0.864 
F = 0.004 
15cm Treatment vs Holdfast df = 12 
Treatment 
;?二0.887 
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Table 4.21 Results of Student /-Test for difference in the percentage survival of C2 
control and treatment plants that reproduced in different months. 
Significant results {p < 0.05) are given in bold. 
Control that Control that 
Percentage Non-reproductive 
Reproduced in Reproduced in 
Survival 15cm Treatment 
January 2005 February 2005 
15cm Treatment
 F = 0
.
1 5 9 F =
 _
 F = = 1 9
.
8 3 9 
that Reproduced
 d f = 1 7 d f = 1 8 d f = 1 7 








 1 6 d f 二 1 7 d f = 1 6 
in February 2005 ^ = 0.761 ;? = 0.256 p = 0.004 
F = 0.096 F= 15.192 
Non-reproductive df= 17 df = 16 
15cm Treatment 
尸 0.178 p = 0.004 
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Table 4.22 Results of Student ,-Test for difference in the percentage survival of C4 
control and treatment plants that reproduced in different months. All test 
results are statistically not significant (p> 0.05). 
Control that 
Non-reproductive 15cm 
Percentage Survival Reproduced in January 
Treatment 
2006 
F = 0.106 F = 0.046 
15cm Treatment that df = 8 df = 8 
Reproduced in January 2006 
0.948 ；？ 二 0.910 
15cm Treatment that F = 0 0 0 9 F = 
d f = 8 d f = 8 Reproduced in February
 u
 ° 
2006 p == 0.889 /7 = 0.852 
F = 0.013 
Non-reproductive 15cm df = 8 
Treatment 
p = 0.967 
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Table 4.23 Results of Friedman Test (df = 1 for all cases) for difference in the mean 
mannitol content in the control plants (from the general monthly survey), 
C2 15cm and holdfast treatment plants trimmed in November 2004. 
Significant results (p < 0.05) are given in bold. 
Mean Mannitol Holdfast Basal Blade Middle Blade Top Blade 
Content Mannitol Mannitol Mannitol Mannitol 
Chi-square = Chi-square 二 Chi-square = Chi-square = 
Control vs 15cm , 
6.400 3.600 0.400 0.400 
Treatment ^ 
p = 0.011 ；7 = 0.058 p = 0.527 p = 0.527 
Control vs Chi-square = 
Holdfast 5.444 
Treatment p = 0.20 
15cm Treatment Chi-square = 
vs Holdfast 1.000 
Treatment p = 0.317 
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Table 4.24 Results of Friedman Test (df 二 1 for all cases) for difference in the mean 
mannitol content in the control plants (from the general monthly survey), 
C4 15cm and holdfast treatment plants trimmed in November 2005. All 
test results are statistically not significant (p> 0.05). 
Mean Mannitol Holdfast Basal Blade Middle Blade Top Blade 
Content Mannitol Mannitol Mannitol Mannitol 
Chi-square 二 Chi-square = Chi-square = Chi-square = 
Control vs 15cm 2 0()() Z 2 5 0 0.000 1.000 
Treatment p = 03l7 , = 0.134 p = 1.000 /7 = 0.317 
Control vs Chi-square = 
Holdfast 0.067 
Treatment p = 0.796 
15cm Treatment Chi-square = 
vs Holdfast 3.267 
Treatment p = 0.071 
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Fig. 4.1 Monthly change in mean (± S.D.) length of CI control, 15cm treatment 
and holdfast treatment plants of Sargassum siliquastrum trimmed in 
August 2004. Results of statistical analysis on monthly difference in the 
mean length of plants are shown in Table 4.1. 
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Fig. 4.2 Monthly change in mean (± S.D.) length of C3 control, 15cm treatment 
and holdfast treatment plants of Sargassum siliquastrum trimmed in 
August 2005. Results of statistical analysis on monthly difference in the 
mean length of plants are shown in Table 4.2. 
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Fig. 4.3 Monthly change in mean (± S.D.) number of main axes of CI control, 
and 15cm treatment plants of Sargassum siliquastrum trimmed in 
August 2004. Friedman test (with Chi-square value and df given) was 
used to evaluate significant differences in mean number of main axes 
between control and treatment plants. 
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Chi-square 二 0.640，df = 1, p = 0.424 
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Fig. 4.4 Monthly change in mean (± S.D.) number of main axes of C3 control, 
and 15cm treatment plants of Sargassum siliquastrum trimmed in 
August 2005. Friedman test (with Chi-square value and df given) was 
used to evaluate significant differences in mean number of main axes 
between control and treatment plants. 
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Fig. 4.5 Monthly change in mean (± S.D.) number of size class 1 (l-3cm) new 
shoots in CI control, 15cm treatment and holdfast treatment plants of 
Sargassum siliquastrum trimmed in August 2004. Results of statistical 
analysis on monthly difference in the mean number of new shoots are 
shown in Table 4.3. 
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Fig. 4.6 Monthly change in mean (± S.D.) number of size class 1 (1-3cm) new 
shoots in C3 control, 15cm treatment and holdfast treatment plants of 
Sargassum siliquastrum trimmed in August 2005. Results of statistical 
analysis on monthly difference in the mean number of new shoots are 
shown in Table 4.4. 
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Fig. 4.7 Monthly change in mean (± S.D.) number of size class 2 (>3-5cm) new 
shoots in CI control, 15cm treatment and holdfast treatment plants of 
Sargassum siliquastrum trimmed in August 2004. Results of statistical 
analysis on monthly difference in the mean number of new shoots are 
shown in Table 4.5. 
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Fig. 4.8 Monthly change in mean (± S.D.) number of size class 2 (>3-5cm) new 
shoots in C3 control, 15cm treatment and holdfast treatment plants of 
Sargassum siliquastrum trimmed in August 2005. Results of statistical 
analysis on monthly difference in the mean number of new shoots are 
shown in Table 4.6. 
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Fig. 4.9 Monthly change in percentage of CI holdfast treatment plants of 
Sargassum siliquastrum showing regeneration of new shoots. 
Percentage of survival of holdfast treatment plants is also shown for 
reference. 
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Fig. 4.10 Monthly change in percentage of C3 holdfast treatment plants of 
Sargassum siliquastrum showing regeneration of new shoots. 
Percentage of survival of holdfast treatment plants is also shown for 
reference. 
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Chi-square 二 6.000, df = 1，p = 0.014 
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Fig. 4.11 Monthly variation in the percentage of reproductive CI control, 15cm 
treatment and holdfast treatment plants of Sargassum siliquastrum. 
Friedman test (with Chi-square value and df given) was used to evaluate 
significant differences in percentage of reproductive individuals 
between control and 15cm treatment plants. 
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Chi-square 二 1.000, df = 1, p 二 0.317 
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Fig. 4.12 Monthly variation in the percentage of reproductive C3 control, 15cm 
treatment and holdfast treatment plants of Sargassum siliquastrum. 
Friedman test (with Chi-square value and df given) was used to evaluate 
significant differences in percentage of reproductive individuals 
between control and 15cm treatment plants. 
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Fig. 4.13 Mean reproductive effort of reproductive CI and C3 15cm treatment 
plants of Sargassum siliquastrum collected in January (2005 for CI and 
2006 for C3). Reproductive effort of control plants was the mean 
calculated from individuals collected in January during the monthly 
general survey. Student 广-test (df = 12 for CI, df = 8 for C3) was 
performed to evaluate the significant difference in reproductive effort 
between the reproductive control and 15cm treatment plants. * indicates 
means that were statistically significantly different (p < 0.05). 
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Fig. 4.14 Monthly variation in the percentage survival of CI control, 15cm 
treatment and holdfast treatment plants of Sargassum siliquastrum. 
Results of statistical analysis on monthly difference in the percentage 
survival of plants are shown in Table 4.7. 
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Fig. 4.15 Monthly variation in the percentage survival of C3 control, 15cm 
treatment and holdfast treatment plants of Sargassum siliquastrum. 
Results of statistical analysis on monthly difference in the percentage 
survival of plants are shown in Table 4.8. 
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Fig. 4.16 Monthly variation in the percentage survival of CI control, 15cm 
treatment plants of Sargassum siliquastrum that reproduced in different 
months and 15cm treatment plants that did not become reproductive. 
Results of statistical analysis on monthly difference in the percentage 
survival of plants are shown in Table 4.9. 
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Fig. 4.17 Monthly variation in the percentage survival of C3 control, 15cm 
treatment plants of Sargassum siliquastrum that reproduced in different 
months and 15cm treatment plants that did not become reproductive. 
Results of statistical analysis on monthly difference in the percentage 
survival of plants are shown in Table 4.10. 
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Fig. 4.18 Bimonthly change in mean (± S.D.) mannitol content in the (a) holdfast, 
(b) basal, (c) middle and (d) top blade regions of the CI 15cm treatment 
and holdfast treatment plants of Sargassum siliquastrum trimmed in 
August 2004. Mean mannitol contents of the control plants were 
obtained in the corresponding months of the general monthly survey. 
Results of statistical analysis on monthly difference in the mean 
mannitol contents are shown in Table 4.11. 
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Fig. 4.19 Bimonthly change in mean (土 S.D.) mannitol content in the (a) holdfast, 
(b) basal, (c) middle and (d) top blade regions of the C3 15cm treatment 
and holdfast treatment plants of Sargassum siliquastrum trimmed in 
August 2005. Mean mannitol contents of the control plants were 
obtained in the corresponding months of the general monthly survey. 
Results of statistical analysis on monthly difference in the mean 
mannitol contents are shown in Table 4.12. 
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Fig. 4.20 Mean (士 S.D.) mannitol content in various parts of (a) reproductive and 
non-reproductive CI 15cm treatment plants, (b) reproductive control 
and CI 15cm treatment plants and (c) non-reproductive control and CI 
15cm treatment plants of Sargassum siliquastrum trimmed in August 
2004. Student Mest (df 二 4) was performed to evaluate the significant 
difference in mannitol content between categories. * above each pair of 
data indicates their means are statistically significantly different (p < 
0.05). 
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Fig. 4.21 Mean (± S.D.) mannitol content in various parts of (a) reproductive and 
non-reproductive C3 15cm treatment plants, (b) reproductive control 
and C3 15cm treatment plants and (c) non-reproductive control and C3 
15cm treatment plants of Sargassum siliquastrum trimmed in August 
2005. Student "test (df = 4) was performed to evaluate the significant 
difference in mannitol content between categories. * above each pair of data indicates their means are statistically significantly different (p < 0.05). 




 • Control 
— o — Treatment (15cm) 
200 - • Treatment (Holdfast) 
180 -
§ 1 6 0 - - l / ^ v T -
r 1 4 0 - / \ 
f 12°- i / \ 
^ 100- 也 丄 丄 \ j 
I 80- % 丄 \ 
；：： 
o - V • • • w — — ^ ^ m ~ ~ 
I i I i i I I I I I I i I 
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 
2004 2005 
Time 
Fig. 4.22 Monthly change in mean (± S.D.) length of C2 control, 15cm treatment 
and holdfast treatment plants of Sargassum siliquastrum trimmed in 
November 2004. Results of statistical analysis on monthly difference in 
the mean length of plants are shown in Table 4.13. 
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Fig. 4.23 Monthly change in mean (± S.D.) length of C4 control, 15cm treatment 
and holdfast treatment plants of Sargassum siliquastrum trimmed in 
November 2005. Results of statistical analysis on monthly difference in 
the mean length of plants are shown in Table 4.14. 
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Fig. 4.24 Monthly change in mean (士 S.D.) number of main axes of C2 control, 
and 15cm treatment plants of Sargassum siliquastrum trimmed in 
November 2004. Friedman test (with Chi-square value and df given) 
was used to evaluate significant differences in mean number of main 
axes between control and treatment plants. 
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Fig. 4.25 Monthly change in mean (士 S.D.) number of main axes of C4 control, 
and 15cm treatment plants of Sargassum siliquastrum trimmed in 
November 2005. Friedman test (with Chi-square value and df given) 
was used to evaluate significant differences in mean number of main 
axes between control and treatment plants. 
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Fig. 4.26 Monthly change in mean (± S.D.) number of size class 1 (l-3cm) new 
shoots in C2 control, 15cm treatment and holdfast treatment plants of 
Sargassum siliquastrum trimmed in November 2004. Results of 
statistical analysis on monthly difference in the mean number of new 
shoots are shown in Table 4.15. 
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Fig. 4.27 Monthly change in mean (± S.D.) number of size class 1 (l-3cm) new 
shoots in C4 control, 15cm treatment and holdfast treatment plants of 
Sargassum siliquastrum trimmed in November 2005. Results of 
statistical analysis on monthly difference in the mean number of new 
shoots are shown in Table 4.16 
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Fig. 4.28 Monthly change in mean (± S.D.) number of size class 2 (>3-5cm) new 
shoots in C2 control, 15cm treatment and holdfast treatment plants of 
Sargassum siliquastrum trimmed in November 2004. Results of 
statistical analysis on monthly difference in the mean number of new 
shoots are shown in Table 4.17 
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Fig. 4.29 Monthly change in mean (± S.D.) number of size class 2 (>3-5cm) new 
shoots in C4 control, 15cm treatment and holdfast treatment plants of 
Sargassum siliquastrum trimmed in November 2005. Results of 
statistical analysis on monthly difference in the mean number of new 
shoots are shown in Table 4.18. 
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Fig. 4.30 Monthly change in percentage of C2 holdfast treatment plants of 
Sargassum siliquastrum showing regeneration of new shoots. 
Percentage of survival of holdfast treatment plants is also shown for 
reference. 
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Fig. 4.31 Monthly change in percentage of C4 holdfast treatment plants of 
Sargassum siliquastrum showing regeneration of new shoots. 
Percentage of survival of holdfast treatment plants is also shown for 
reference. 
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Fig. 4.32 Monthly variation in the percentage of reproductive C2 control, 15cm 
treatment and holdfast treatment plants of Sargassum siliquastrum. 
Friedman test (with Chi-square value and df given) was used to evaluate 
significant differences in percentage of reproductive individuals 
between control and 15cm treatment plants. 
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Fig. 4.33 Monthly variation in the percentage of reproductive C4 control, 15cm 
treatment and holdfast treatment plants of Sargassum siliquastrum. 
Friedman test (with Chi-square value and df given) was used to evaluate 
significant differences in percentage of reproductive individuals 
between control and 15cm treatment plants. 
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Fig. 4.34 Mean reproductive effort of reproductive C2 and C4 15cm treatment 
plants of Sargassum siliquastrum collected in February 2005 (for C2 
plants) and February 2006 (for C4 plants). Mean reproductive effort of 
control plants was calculated from individuals collected in January 
during the monthly general survey. Student Mest (df = 4 for C2, df = 8 
for C4) was performed to evaluate the significant difference in 
reproductive effort between the reproductive control and 15cm 
treatment plants. * above each pair of data indicates their means are 
statistically significantly different (p < 0.05). 
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Fig. 4.35 Monthly variation in the percentage survival of C2 control, 15cm 
treatment and holdfast treatment plants of Sargassum siliquastrum. 
Results of statistical analysis on monthly difference in the percentage 
survival of plants are shown in Table 4.19. 
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Fig. 4.36 Monthly variation in the percentage survival of C4 control，15cm 
treatment and holdfast treatment plants of Sargassum siliquastrum. 
Results of statistical analysis on monthly difference in the percentage 
survival of plants are shown in Table 4.20. 
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Fig. 4.37 Monthly variation in the percentage survival of C2 control, 15cm 
treatment plants of Sargassum siliquastrum that reproduced in different 
months and 15cm treatment plants that did not become reproductive. 
Results of statistical analysis on monthly difference in the percentage 
survival of plants are shown in Table 4.21. 
Chapter 4 Effect of Reduced Resources on Growth or Reproduction of Sargassum siliquastrum 13 8 
g 60 - \\\ 
I 50 _ I 
1 :: I 
20 - — • — 15cm treatment that reproduced in Jan 06 \\\ 
— o — 15cm treatment that reproduced in Feb 06 \\\ 
10 - t Non-reproductive 15cm treatment 
• Control that reproduced in Jan 06 
i i i 1 1 1 1 
Dec Jan Feb Mar Apr May Jun Jul 
2006 
Time 
Fig. 4.38 Monthly 
variation in the percentage survival of C4 control, 15cm 
treatment plants of Sargassum siliquastrum that reproduced in different 
months and 15cm treatment plants that did not become reproductive. 
Results of statistical analysis on monthly difference in the percentage 
survival of plants are shown in Table 4.22. 
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Fig. 4.39 Bimonthly change in mean (± S.D.) mannitol content in the (a) holdfast, 
(b) basal, (c) middle and (d) top blade regions of the C2 15cm treatment 
and holdfast treatment plants of Sargassum siliquastrum trimmed in 
November 2004. Mean mannitol contents of the control plants were 
obtained in the corresponding months using plants collected in the 
general monthly survey. Results of statistical analysis on monthly 
difference in the mean mannitol contents are shown in Table 4.23. 
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Fig. 4.40 Bimonthly change in mean (± S.D.) mannitol content in the (a) holdfast, 
(b) basal, (c) middle and (d) top blade regions of the C4 15cm treatment 
and holdfast treatment plants of Sargassum siliquastrum trimmed in 
November 2005. Mean mannitol contents of the control plants were 
obtained in the corresponding months using plants collected in the 
general monthly survey. Results of statistical analysis on monthly 
difference in the mean mannitol contents are shown in Table 4.24. 
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Fig. 4.41 Mean (± S.D.) mannitol content in various parts of (a) reproductive and 
non-reproductive C2 15cm treatment plants, (b) reproductive control 
and C2 15cm treatment plants and (c) non-reproductive control and C2 
15cm treatment plants of Sargassum siliquastrum trimmed in November 
2004. Student 
广-test (df = 4) was performed to evaluate the significant 
difference in mannitol content between categories. * above each pair of 
data indicates their means are statistically significantly different (p < 
0.05). 
Chapter 4 Effect of Reduced Resources on Growth or Reproduction of Sargassum siliquastrum 13 8 
4 n _ _ 
• H I Reproductive 15cm Treatment 
Non-reproductive 15cm Treatment 乂 ^ 
云 “ 
0) 3 H -p 
靈 
I I | i 
Holdfast Base Blade Middle Blade Top Blade 
4 n 
• • Reproductive 15cm Treatment 




S I I T 
I I I n i i 
Holdfast Base Blade Middle Blade Top Blade 
4-1 
• • Non-reproductive 15cm Treatment ( C ) 




T 3 • § i TN 
c 1 J 國 
毫 1 H r^  
oJ___BJJ 111 i n l a _ _ _ 
Holdfast Base Blade Middle Blade Top Blade 
Fig. 4.42 Mean (± S.D.) mannitol content in various parts of (a) reproductive and 
non-reproductive C4 15cm treatment plants, (b) reproductive control 
and C4 15cm treatment plants and (c) non-reproductive control and C4 
15cm treatment plants of Sargassum siliquastrum trimmed in November 
2005. Student 
广-test (df = 4) was performed to evaluate the significant 
difference in mannitol content between categories. All data pairs are 
statistically not significantly different (p > 0.05). 
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Chapter 5 
Summary and Conclusion 
The different period of growth and reproduction in the life history of organisms 
implied that the limited resources within their bodies have to be allocated between 
different processes as a 'trade-off'. Therefore, it would be important to understand 
how they adapt to changing environmental conditions by understanding their life 
history, how they allocate their resources in their different life history stages and the 
strategies they adopt when there are changes in their living condition. Sargassum 
siliquastrum is one of the most abundant algal species found in Hong Kong. This 
brown alga plays a very important ecological role in providing habitats and food for 
various marine organisms, especially in Tung Ping Chau Marine Park (TPCMP). 
However, studies on its life history and resource allocation pattern were limited. 
Therefore, the phenology of this algal species in Lung Lok Shui, TPCMP was further 
studied as part of a longer term monitoring programme for the phenology of Hong 
Kong marine algae. The seasonality of its primary growth in length, secondary growth 
in terms of increase in the number of main axes and new shoots, its population density, 
structure and reproductive seasonality were examined from September 2004 to May 
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2006. Environmental factors like seawater temperature, salinity and photoperiod were 
also monitored for correlation with these various growth parameters measured. 
Sargassum siliquastrum in Lung Lok Shui exhibited the four typical developmental 
stages of regeneration (slow growth), active growth, reproductive and senescence (die 
back) stage in their life history, which were common for most Sargassum. During the 
slow growth stage in summer (May to August), only the holdfast, some old shoot 
remnants and a few new shoots were left and plant length remained more or less 
constant. Growth of new recruits and regeneration of shoots from the perennial 
holdfast started in fall, at around September, when the temperature started to drop. 
The population attained their active growing period between late autumn and early 
winter (October to December). This increase in plant length (primary growth) was 
accompanied by the increase in the number of their main axes and new shoots 
(secondary growth). Reproduction started after the active growing phase at around 
December and die back of the population started in March after the release of gametes. 
The life cycle of S. siliquastrum in Hong Kong was similar to that of some tropical 
species, where the maxima in length, number of main axes, number of new shoots, 
biomass, fertility and reproductive effort of the population were recorded in cooler 
months of the year and their minima were obtained in summer. In contrast, density of 
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the population was highest during the slow growth stage in summer, and lowest 
during reproductive months. Among the physical parameters monitored, temperature 
and photoperiod were the two main physical parameters identified to affect both 
primary and secondary growths, as well as plant reproduction. Cooler temperature and 
decreasing day-length from summer to winter was found to favor the primary and 
secondary growths of the population and production of receptacles was favored by 
low water temperature and short day-length. Comparing with previous studies, S. 
siliquastrum population in Lung Lok Shui was observed to be declining in both mean 
length and density in recent years. However, changes in physical parameters between 
these years were not obvious and this population decline was believed to be related to 
the increase in herbivorous sea urchin density after the establishment of Tung Ping 
Chau as a marine park. 
Other than phenology, information on the seasonal pattern of resource utilization in 
different stages is also very important in the study of life history of a species. The 
unique reserve sugar alcohol, mannitol, was used as a currency to reflect resource 
allocation pattern of Sargassum siliquastrum in Hong Kong. The variation of mannitol 
content of S. siliquastrum collected from December 2003 to May 2006 on an 
individual level was also investigated by separating the plants into various regions 
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according to their functional structures or level of maturity. Mannitol in the perennial 
structure (i.e. holdfast), different regions of annual structures (e.g. basal, middle or top 
region of vegetative blades) and reproductive structures (i.e. receptacles) of S. 
siliquastrum was extracted by water, qualitatively determined and quantitatively 
analyzed using HPLC and RI detectors respectively. Seasonal and intra-individual 
patterns of mannitol content revealed were correlated with the phenological pattern 
observed in the general survey (Chapter 2), in order to relate the utilization and 
allocation of storage product in different parts of the plant during growth or 
reproduction. 
The mannitol content of Sargassum siliquastrum in Lung Lok Shui ranged from about 
1% to 17% of its dry weight, which is comparable to that in many other brown algae. 
Also, a similar seasonal variation in mannitol content was exhibited in this species. 
Mannitol content increased as growth proceeded and peaked during the active 
growing stage (around September to October), right before the initiation of the 
reproductive cycle. A drop in mannitol content was recorded only at the start of the 
reproductive period in December and remained stable thereafter. Dramatic decrease in 
mannitol concentration occurred after the reproductive period and a small increase in 
mannitol content was identified in the middle of the slow growth stage at around April, 
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suggesting that the surplus produced during the slow growth period may be used to 
maintain the perennial holdfast or to develop new shoots for the next season. The 
more mature basal part of the plant (i.e. holdfast and basal blade region) contained 
higher levels of mannitol when compared to the younger middle and top blade regions. 
The disproportionally high level of mannitol in the photosynthetically less active 
holdfast suggested that mannitol may be diffused from the basal blades down to the 
holdfast, facilitated by the existence of a concentration gradient between them. The 
positive correlation between the two months antecedent mannitol content in the basal 
parts of the plant with the various population growth parameters like plant mean 
length, number of main axes and new shoots of S. siliquastrum implied that storage 
compounds in the holdfast and the basal blade region were translocated and utilized 
for the development and elongation of new shoots. In contrast to previous studies, 
receptacles of S. siliquastrum displayed the lowest mannitol content, which appeared 
to match their low photosynthetic activity. Together with the drop in total mannitol 
content before the reproductive period at around November, it could be suggested that 
mannitol may be translocated from other parts of the plant to sustain the rapid 
development of the receptacles instead of being stored. Therefore, low mannitol 
content was recorded in the receptacles and no significantly different mannitol content 
was found between reproductive and non-reproductive individuals during the peak 
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reproductive period. 
Based on the phenology and seasonal variation of reserve compound in Sargassum 
siliquastrum, manipulative experiments were designed to study the effect of reduced 
resources on the growth or reproduction of this species. Two hypotheses were tested. 
First, reduction in resources should lead to a reduction in growth, and subsequently in 
reproduction. Furthermore, there is a cost in reproduction. Plants that do not become 
reproductive should survive longer than the reproductive plants. Second, holdfast 
serves as a reservoir for reserved resources, such that even if all lateral branches are 
removed, new shoots could still be formed from the holdfast. Different levels of 
trimming (e.g. vegetative shoots cut down to 15cm or removal of all vegetative shoots) 
were performed on tagged individuals of S. siliquastrum before their active growing 
period in August 2004 and 2005. and before their reproductive period in November 
2004 and 2005. The responses of the control and treatment plants, in terms of their 
various growth, reproductive parameters and mannitol content were monitored 
thereafter. 
The evidences from the manipulative experiments supported the first hypothesis. 
Trimming of Sargassum siliquastrum at different life stages led to reduced growth and 
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reproduction although no clear cost of reproduction on future survival of the 
reproductive plants was revealed. Responses of trimmed plants at different growth 
stages were different. When vegetative shoots were trimmed before the active 
growing period, delayed length maxima and reproductive peak were attained. In 
contrast, trimming of vegetative shoots before the reproductive period would not 
result in growth of the plants to their minimum reproductive size of 40 cm. They 
would nevertheless still reproduce at a length below this size but with lower 
reproductive effort. Mannitol analysis of the treatment plants revealed that trimming 
did not change the allocation pattern of mannitol when compared with the controls, 
although lower mannitol contents were recorded in various parts of the treatment 
plants. These results demonstrated that there was a trade-off between growth and 
reproduction in S. siliquastrum. An optimal allocation schedule was adopted so that 
resources can be allocated effectively for different purposes in its life stages in order 
to satisfy its ultimate goal of reproduction. 
Regeneration of new shoots from the trimmed holdfasts supported the second 
hypothesis that certain amount of nutrient reserve was found in the holdfast to support 
the growth of the main axes and new shoots. However, the amount of reserve in the 
holdfast varied between seasons. More reserve was found after the active growing 
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period than at the beginning of the growing stage. 
The results of this study revealed the phenology of Sargassum siliquastrum, its 
seasonal variation of mannitol content, the strategy for growth and reproduction it 
adapted when resources were reduced and the role of holdfast as a nutrient reserve. 
These results addressed the objectives set out for this thesis research (see Chapter 1 
for details) and point out future studies that could be considered. Resource allocation 
in Sargassum siliquastrum can further be studied with more manipulations to compare 
the effect of different degrees of resource limitation, using different extents of 
trimming. The reproductive success of the treatment plants may be evaluated by 
examining the quality of the gametes produced under different levels of resource 
availability by comparing the mannitol content in the receptacles of the control and 
treatment plants. The ability and flexibility of algae, the ecologically important 
primary producer in the coastal area, to grow and reproduce under conditions of 
reduced resources using different strategies provide an important insight on how algae, 
with S. siliquastrum as an example, could possibly cope in view of the rapidly 
changing environmental conditions in Hong Kong as well as elsewhere in other parts 
of the world. 
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